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WHAT VARIABLES PRODUCE SIMILARITY GROUPING? 


Ricwarp K. Orson and Frep Arrneave, University of Oregon 


Abstract. The effectiveness of several configurational or textural variables 
in producing similarity grouping was investigated by measuring the time it 
took Ss to locate the disparate quadrant in a circular array. The ‘figure’ and 
‘ground’ quadrants differed in (1) slope of elements, (2) linearity of elements, 
or (3) the way in which the same slopes were combined into angles. Differences 
in slope produced excellent grouping; differences in linearity were less effec- 
tive; and differences in arrangement of slopes were generally quite ineffective. 
Grouping was also dependent on orientation of the whole array: horizontals 
and verticals gave better grouping than diagonals, and even arrangement of 
slopes gave moderately effective grouping when angles with horizontal and 
vertical axes of symmetry were opposed to each other. Conditions of head 
tilt were used to determine whether the grouping effects were dependent on 
retinal or gravitational orientation. For the angles, only retinal orientation 
seemed important; but for line segments and paired dots varying in slope, 
both retinal and gravitational orientation had significant effects. The results 
disconfirm the hypothesis that grouping occurs entirely on a projection level, 
independently of constancy mechanisms. It is suggested that grouping and 
segregation depend on identities and differences between descriptors which 
in turn represent relationships between the stimulus array and an internal 
Cartesian reference system. 


Similarity is one of the most important of Wertheimer’s principles 
of perceptual grouping, but only recently, with the work of Julesz 
and Beck, has any appreciable curiosity been displayed about the 
kinds of similarity that are effective in this respect.’ It should, of 
course, be understood that grouping always implies the comple- 
mentary process of segregation. Grouped items must be at once 
similar to one another and different from extraneous items; in 
analysis-of-variance terminology, within-group variance must be: 


Received for publication September 22, 1969. The research was supported in 
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212, 1965, 38-48 : J. Beck, Perceptual grouping produced by line figures, Percept. 
& Psychophys., 2, 1967, 491-495. 


M et 
P 3 
5 nt OLSON AND ATTNEAVE 
e Ae 
(m 2279 4 ^ 


low relative to between-group variance on one or more stimulus 
variables. But what stimulus variables may thus produce similarity 
grouping? 

There is no doubt that brightness functions as a grouping vari- 
able; likewise, the grouping effect of hue is demonstrated in pseudo- 
isochromatie tests of color vision. Where we begin to encounter 
real difficulties is in attempting to assess the role of configurational 
variables. There is a widespread acceptance of the notion that 
‘shape’ gives grouping, based on such familiar examples as 


XXOOXXO0 , 


and on elaborations thereof in which a figure area is filled with one 
repeated letter and a ground area with another. However, examples 
of this type neglect even the most rudimentary controls for the 
possible effects of lower-order variables. Since no two different 
letters are likely to contain the same amount of ink, average bright- 
ness is confounded with shape. Moreover, if (as we shall presently 
see) line slope is an effective grouping variable, it is quite possible 
that letters group or segregate because they contain similar or dif- 
ferent distributions of slopes and that the arrangement or configura- 
tion of component lines is irrelevant. 

In some situations the inherent diffieulty of adequate control is 
very great. For illustrative purposes, let us consider a particularly 
formidable example. Grouping can be produced by something that 
may loosely be called texture grain, which on close inspection turns 
out to involve a whole cluster of variables. Suppose, for example, 
that a matrix is divided into two regions: in the first, cells are 
filled randomly with some given probability; in the second, they 
are filled with the same probability (so that average brightness is 
controlled) but with further constraints such that cells of the same 
state tend to form sizeable clumps. Phenomenal grouping and 
segregation result, and the observer may readily tell us that the 
first region has a finer texture than the second; but neither this 
description nor the method of generation enables us to specify pre- 
cisely the psychological variable or variables on which the group- 
ing depends. One possibility is that size or extent (of like-colored 
areas) is the important variable. Another hypothesis—a quite 
plausible one in view of what we now know about lateral inhibi- 
tion—is that amount of contour is a basis for grouping. (Clumping 
reduces amount of contour.) 

Next, let us set up a display (Fig. 1) in which amount of contour 


d 


| 
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SIMILARITY GROUPING 


Fic. 1. Grouping based on length with amount of contour and average 
brightness held constant 


is approximately constant, as is average brightness, but extent 
(length of line segments) varies from one region to another. It may 
appear that the good grouping which results can be attributed only 
to length, but unfortunately the situation is more complicated. In 
addition to (a) element length, some other variables are (b) dis- 
tances between elements, ie. average size of compact white areas; 
(c) object density, i.e. number of segments per unit area; (d) sub- 
jective brightness as a result of nonlinear brightness averaging 
(since what is held constant is the purely physical variable of 
amount of ink per unit area) ; (e) subjective amount of contour as a 
result of nonlinear averaging; and (f) variability in brightness or 
in amount of contour from one summation region to another (since 
if either brightness or amount of contour is summated or averaged 
within fairly small regions, these averages will be more homogene- 
ous where line segments are short than where they are long). Note 
well the control problem inherent in such an interlocking set of 
variables. If, for example, one holds object density constant (and 
still varies length), both brightness and amount of contour become 
uncontrolled, and so on. No experimental strategy to untie these 
variables is evident to the authors, and we may have to settle for 
the weak conclusion that grouping is produced by some variables” 
within the cluster. 

The studies here reported investigate another set of configura- 
tional variables which, though more amenable to experimental 
analysis than those of texture density, still necessitate unusual at- 
tention to problems of control. These variables were (1) slope, i.e. 
straight line segments of one orientation or tilt as opposed to 
Straight line segments of another orientation or tilt; (2) linearity, 
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i.e. straight line segments as opposed to segments either curved or 
bent into angles, every segment randomly oriented lest slope be a 
confounded variable; and (3) angle, i.e. opposing ways in which two 
line segments of given slope were put together to form an angle. We 
used four such angles for any pair of segments—four ways in which 
the segments were joined at their ends. By using only orthogonal 
segments, the overall extent or span of the resulting angular ele- 
ments was kept constant. This could also be described as ‘orienta- 
tion of a right angle,’ but it should be clearly understood that our 
interest was in the possible grouping effect of the particular arrange- 
ments, or configurations, of the slopes in these angles. Fig. 2 shows 
some examples of arrays based on these variables. In every case 
one quadrant of a circle is occupied by elements that differ, on the 
variable under consideration, from the elements in the remainder 
of the circle. The observer’s task was to locate as quickly as pos- 
sible the disparate quadrant, which could take any one of eight 
positions (compare / and 13 in Fig. 2). The rationale for using 
latency as a response measure was simply that good grouping 
seems to occur immediately, whereas a search process obviously 
requires time. 


EXPERIMENT I 
Method 


Subjects. The eight Ss, four men and four women, were paid undergraduate 
volunteers. All met a criterion of 2/2 acuity without correction, and none 
showed astigmatism on the Lancaster-Regan test. 


Materials. The 14 classes of element combinations used in the experiment 
are shown in Table I. The left element of each pair in the table was the ‘figure’ 
element, repeated in one quadrant of an 80-element matrix. The right element 
of the pair was the ‘ground’ element, repeated in the remaining three quarters 
of the matrix (see examples in Fig. 2). 

A quasi-random method of positioning stimulus elements was designed to 
provide an approximately uniform density or spacing of elements and at the 
same time to avoid neat row-and-column arrangements that would introduce 
collinearity and border effects as confusing variables. Within each of 80 
square cells, arranged in a matrix with an approximately circular border, one 
element was placed, but its location within that cell was determined ran- 
domly, with contraints such that it could never quite touch any of its neigh- 
bors. Under these rules an element was free to vary, both vertically and 
horizontally, by a little less than twice its linear extent. 

In the original india-ink drawings, all elements were contained in a circle 
of 75 in. diameter. In Categories 1-4, all the line segments were 25 in. long; 
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Fic. 2, Sample displays from Experiment I. Numbers refer to corresponding 
categories in Table I. Other categories are illustrated in a 45° rotation of 
the figure; note especially that Category 9 rotates into Category 12. 
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so were the segments that made up the angles in Categories 9-14. In Cate- 
gories 5-7, the element span (linear distance from end to end) was 25 in. 
The thickness of lines was about 03 in. These drawings were photographed 
and printed on high-contrast paper in two sizes: one the same as the original 
(74-in. diameter, ‘large set’); the other one-third as great (2j-in. diameter, 
‘small set’). The prints were aligned, centered, and mounted on octagonal 
fiberboard cards, so that the disparate (figure) quadrant could be presented in 
any of eight discrete positions depending on the placement of the card in the 
stimulus holder. Note, however, that a given card could go from one category 
to another with rotation and, conversely, that the presentation of a given pair 
of elements in all eight positions could require more than one card. (See Table 
I; only in the case of Categories 5-8 was there a one-to-one relationship be- 
tween the pairs of elements and the cards over all rotations). Sparing the 
reader unnecessary details, it may be said that the set of stimulus cards per- 
mitted presentation of any pair shown in Table I, with the disparate quadrant 
in any of the eight possible positions. £ 

Abbreviated category descriptions are given in Table I, next to the elements. 
The numbers 90 and 180 indicate the rotational difference, in degrees, between 
figure and ground elements. The letters H (horizontal), V .(vertical), and D 
(diagonal) refer to the orientation of the lines in Categories 1-4 and to the 
orientation of the legs of the angles in Categories 9-14. The letters RL and 
UD refer to right-left and up-down symmetry of angle pairs. 

In Categories 5-8, orientation of elements was completely randomized to 
eliminate slope (more precisely, distribution of slopes) as a confounded 
variable. The elements described as ‘curved’ were quarter circles. A curved and 
a ‘bent’ element when superimposed had three common points, at the mid- 
dle and the ends; thus the bent elements consisted of short segments meeting 
at a 135° angle. Since a curve and a straight element were also equated in total 
span (ùe. were related as an arc to its chord), the curved elements were about 
14% longer than the straight elements (and likewise contained 14% more ink, 
and more contour; see the discussion of length in the introduction), The bent 
elements had an intermediate length. To determine whether such a difference 
in length (and its concomitants) might provide any basis for grouping, Cate- 
gory, 8 was included as a control: here the ‘short’ segments were identical 
with the 25-in. straight elements of Categories 5-7; the ‘long’ segments were 
14% longer. It should be emphasized that the function of Category 8 was 


merely to tie up a loose end, not to provide any general information about 
length as a grouping variable. 


Apparatus. Stimuli were presented in a two-field tachistoscope with ex- 
posure and preexposure fields at a luminance of about 7 mL. and at a viewing 
distance of 2 ft. 9 in. (At this distance an inch subtends a visual angle of 
1° 44'.) Both fields were masked to a circular area, 7.75 in. in diameter for the 
large displays and 2.75 in. for the small. No other contours were visible except 
for a small fixation point in the center of the preexposure field. The display 
holder allowed the octagonal stimulus cards to be inserted in any of eight 
stable positions. A headrest kept S's head upright and permitted viewing 
with the right eye only. Both the onset and the duration of stimulus exposure 
were controlled by S: when he pressed a switch with his hand, the stimulus 
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field and a clock were turned on; when he released the switch, the clock 
stopped and the field reverted to the preexposure state. 


Procedure. The S was told that the purpose of the experiment was to study 
the grouping properties of certain stimuli. He was shown sample displays of 
each category (outside the apparatus), and the quadrant organization with the 
eight possible positions was explained. He was instructed to fixate the pre- 
exposure dot before each trial, to press the switch when ready, and to release 
it the moment he could identify with certainty the location of the disparate 
quadrant. (Guessing was discouraged, and errors were extremely rare.) After 
releasing the switch, he indicated verbally the position of the quadrant. He 
was then asked to rate the strength of grouping on a seven-point scale, with 
1 indicating ‘very clear grouping’ and 7 ‘very poor grouping.’ 

Each S was run about an hour a day for nine days. The first day was con- 
sidered a practice session, and its data were not used. On every subsequent ses- 
sion, S was presented with two stimuli from each category, one large and one 
small. The two sizes were presented in separate series within a session, with 
order counterbalanced over sessions. Selection of the particular pair within a 
category was randomized over sessions with the limitation that each pair be 
used equally often. (It is obvious from Table I that some categories contain 
more alternative pairs than others.) Position of the figure quadrant was also 
randomly permuted. If S did not locate the disparate quadrant within 50 sec., 
the trial was terminated and the time was arbitrarily recorded as 50 sec. 


Results 


Mean reaction times (RT) and ratings were obtained for each S 
by categories. Means over Ss for each category are given in Table I. 
Table II shows the results of 17 t-test comparisons of theoretical 
interest, their means, descriptions, £ values ( df = 7), and confidence 
levels (two-tailed). 

Ratings were analyzed statistically only with respect to their 
correlation with RT, for which r = .925. The ratings added little 
information to the more objective measure, nor have we any as- 
surance that they were not directly influenced by time requirements. 
It seems likely that Ss paid little attention to category labels (‘very 
good grouping,’ ‘poor grouping,’ etc.) and simply accommodated 
the scale to the range of stimuli as raters typically do. The size of 
the stimulus display had no demonstrable effect on RTs for lines 
(Categories 1-4). For angles (Categories 9-14), responses were 
moderately faster on the smaller displays. We have no way of 
knowing, without further experimentation, whether this difference 
was due to overall display size per se or to the size or spacing of 
component elements. On the straight-curved-bent pairings (Cate- 
gories 5-7), RTs to the small displays were so long as to suggest 
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TABLE II 


STATISTICAL Comparison: SELECTED CATEGORIES, EXPERIMENT I 


Respective 
Description of comparison means Diff. t 

Large vs. Small, all lines (1-4) 1.09 1.10 .01 à 
Large vs. Small, all angles (9-14) 3.79 3.20 .59 2.62* 
All angles (9-14) vs. All lines (1-4) 3.49 1.10 2.39 11.41** 
Straight-bent (5) vs. All lines (1-4) 2.52 1.10 1.42 7.53°* 
All angles (9-14) vs. Straight-bent (5) 3.49 2.52 .907  8.93** 
Straight-curved (6) vs. Straight-bent (5) 3.02 2.52 1.10  4.58** 
Straight-curved (6) vs. All lines (1-4) 3.62 1.10 2.52 71.907" 
Straight-curved (6) vs. All angles (9-14) 3.02 3.49 .13 44 
Line pairs 

D 90 (2) vs. HV 90 (1) 1.35 .89 .46  3.48* 

VD & HD 45 (3-4) vs. HV 90 (1) 1.07 ..89 18 11.45 

D90 (2) vs. VD & HD 45 (3-4) 1.35 1.07 .28 1.75 
Angle pairs 

HV 90 (9-10) vs. HV 180 (11) 3.53 3.74 .21 .26 

HV 90 RL (9) vs. HV 90 UD (10) 3.84 3.23 AI LE 

D 180 UD (13) vs. D 180 RL (14) 4.11 3.72 .39 .99 

D 180 (13-14) vs. HV 180 (11) 3.91 3.74 A ri .AT 

D 180 (13-14) vs. D 90 (12) 3.91 2.31 1.60  5.57** 

HV 90 (9-10) vs. D 90 (12) 3.53 2.31 1.22  $8.88** 


UU ——— DÁM seme E 


Note: Categories shown in parentheses. 
* p < .05. 
1*9. 35:101: 


strongly the pressing of acuity limitations, in which we are not 
immediately interested. For this reason, all comparisons involving 
these elements were based on data from the large displays only. 

The most obvious gross differences in the results were between 
the three major bases on which the elements could be grouped. 
Contrasting slopes (the straight lines in Categories 1-4) produced 
excellent grouping, with RTs of the order of 1 sec.? At the other 
extreme, responses to contrasting arrangements of the same slopes 
(the angles in Categories 9-14) typically required 3 or 4 sec.; lo- 
cation of the disparate quadrant was in no sense ‘immediate’ but 
rather the outcome of a search task. The best contrast between 
linear and nonlinear elements (the straight-bent elements in Cate- 
gory 5) was an intermediate case, requiring about 2.5 sec. The 
reader is invited to take another look at Fig. 2 and compare the Ss’ 


*It can be shown otherwise that most of this is ‘response’ time: slope still 
gives good grouping at exposure times of .1 sec. or less. 
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results with his own phenomenal impressions. In the study already 
cited (see n. 1), Beck, using rather different methods, had pre- 
viously concluded that slope is the major variable in grouping 
based upon 'shape.' Our results support this conclusion. 

Let us now consider differences within these broad classes, look- 
ing first at Categories 1-4. The horizontal-vertical pairs in Cate- 
gory 1 gave significantly faster grouping than the Category 2 pairs 
of diagonals (which also differed by 90°); the Category 3 and 4 
pairs of a diagonal with either a horizontal or a vertical (differing 
by only 45°) were in between. Although significance can not be dem- 
onstrated for the differences between these intermediate cases and 
the extremes, the ordering is quite a coherent one, indicating that 
absolute values of orientation can be more important to grouping 
than differences in orientation. 

The comparisons among Categories 9-14 show simply that there 
was something unique about Category 12, for which the mean RT 
was only 2.31 sec. This is perhaps the only one of the pairs of 
angles for which a casual observer might be inclined to claim some 
‘immediacy’ of grouping (see Fig. 2). To account for this unique 
case, let us first examine the possibility that slope—which we 
know produces good grouping—was inadequately controlled. Osten- 
sibly, it was controlled by employing exactly the same (diagonal) 
slopes in each member of the pair and by varying only the way 
in which they were joined. However, it may be argued that an ele- 
ment with vertex at top or bottom has an overall horizontal orienta- 
tion, whereas one with vertex at left or right has an overall vertical 
orientation. In fact, the former has its greatest extent in the horizon- 
tal, the latter in the vertical. Likewise, in terms of slope analyzers 
of the type described by Hubel and Wiesel, one element might be 
expected to fit best a vertically oriented (elliptical) receptive field, 
the other a horizontally oriented field. 

By this line of reasoning, elements differing by a 90° rotation 
(Categories 9, 10, and 12) vary in overall slope as well as in ar- 
rangement of slopes and should therefore give better grouping than 
elements that differ by 180° and in which overall slope is constant 
(Categories 11, 13 and 14). As noted, however, Category 12 was 
unique: Categories 9 and 10 (characterized by horizontal and 


3 D. H. Hubel and T. N. Wiesel, Receptive fields and functional architecture 
in two non-striate visual areas (18 and 19) of the cat, J. Neurophysiol., 28, 1965, 
229-289; D. H. Hubel and T. N. Wiesel, Receptive fields and functional archi- 
tecture of monkey striate cortex, J. Physiol., 195, 1968, 215-243. 
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vertical legs; see Table I) were no better grouped than the 180° 
cases. To retain an explanation in terms of slope analyzers, then, 
we would have to suppose that many more receptive fields in the 
human visual system are oriented horizontally and vertically than 
are oriented diagonally. This possibility cannot be totally re- 
jected, but the weight of previous behavioral evidence seems some- 
what against it;* furthermore, no such paucity of diagonal analyz- 
ers has been evident in the primates that Hubel and Wiesel have 
studied.5 

There is some reason, therefore, to seek an explanation at a 
higher level of the perceptual system. Attneave has recently pre- 
sented evidence that the visual system describes figures in terms of 
an essentially Cartesian reference system and that the appearance 
of an object depends upon its relationship to the descriptive axes.® 
Note that the elements of Categories 9-11 seem phenomenally dif- 
ferent, in quite a fundamental way, from those of Categories 12-14.* 
The assumption of a Cartesian frame of reference immediately 
clarifies this difference. In Categories 9-11, the legs of the angles 
coincide with Cartesian axes, and it is accordingly very obvious 
that they are right angles. In Categories 12-14, the orthogonality of 
the elements almost goes unnoticed, whereas the symmetry of ele- 
ments, which was quite unobtrusive in Categories 9-11, becomes 
highly salient. 

Suppose that grouping and segregation are based upon certain 
descriptors, some of which represent relationships of elements to a 
Cartesian reference system, and that descriptors of the simplest 
such relationships are the ones most easily and quickly abstracted. 
The hypothesized descriptors listed in the last column of Table I 
represent particularly rudimentary relationships between the respec- 
tive elements and the postulated descriptive system. The unique 
status of Category 12 is attributable to the fact that it contrasts 
Vertical with horizontal axes of symmetry.? In no other case of angle 


*F. Attneave and R. Olson, Discriminability of stimuli varying in physical 

and retinal orientation, J. ezp. Psychol., 74, 1967, 149-157; F. Attneave and K. 
id, Voluntary control of frame of reference and slope equivalence under 

ead rotation, J. exp. Psychol., 78, 1968, 153-159. 

5 See the second paper cited in n. 3 above. 

€F. Attneave, Triangles as ambiguous figures, this Journat, 81, 1968, 447-453. 

.' See the discussion of the phenomenal distinction between a square and a 
diamond in E. Mach, The Analysis of Sensations, 1959, 106. t 
_ 3 Postulation of a descriptor for symmetry about the horizontal is somewhat 
inconsistent, with the evidence (see Attneave, n. 6 above; I. Rock and R. Lea- 
Man, An experimental analysis of visual symmetry, Acta Psychol., 21, 1963, 
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pairs is the hypothesized (basic or initial) descriptor different 
from one member of the pair to the other: in Categories 9-11, all 
elements are characterized simply as horizontal-vertical combina- 
tions, i.e. as right angles; and axis of symmetry provides no basis 
for segregation in either Category 13 or 14. 

The hypothesis that elements in Categories 12-14 are classified by 
axis of symmetry is consistent with certain of Attneave's obser- 
vations on ambiguous triangles (see n. 6). Alternatively, or addi- 
tionally, however, we might postulate descriptors dependent on 
coincidence of the greatest extent of the element (or of the line 
determined by the free ends of the element) with either a vertical 
or a horizontal reference axis. ‘Overall slope,’ thus reinterpreted, is 
perfectly correlated with axis of symmetry and offers a similar 
basis for the superiority of Category 12. (It has been repeatedly 
suggested to the authors that combinations of diagonal segments 
are more readily seen as familiar objects—as ‘birds,’ ‘rooftops,’ 
‘arrows,’ and so forth—than are combinations of horizontals and 
verticals. This observation may be true enough, but it does not 
contribute to any coherent explanation of the results. If descrip- 
tive processes of this type make for good grouping, Category 13— 
‘birds’ vs. ‘rooftops’—should have been particularly easy, but it was 
not.) 

Returning to single lines (Categories 1-4), we see that the or- 
dering of RTs was likewise consistent with the assumption of a 
Cartesian descriptive system. If the most basic descriptors are 
simply ‘vertical’ and ‘horizontal,’ there are two such descriptors 
making for segregation in Category 1; whereas in Categories 3 and 
4, there is only one; and in Category 2, none. (Rather obviously, 
we must suppose that there is some weaker or later descriptor 
which does differentiate between the diagonals and that it in turn 
is more salient than any of the descriptors of angles.) An explana- 
tion of these results in terms of receptive fields would again, as in 
the case of the angles, require that we assume a preponderance of 
vertical and horizontal over diagonal analyzers. 


ee A EE 
171-183) that symmetry is ineffective except about a phenomenal or figural 
vertical. Actually, it makes no difference to the explanation above to suppose 
that elements symmetrical about the horizontal are described as asymmetrical. 
Alternatively, we may suppose that the contrast (in Category 12) is between 
two figural verticals determined by axes of symmetry, one coincident with the 
field vertical, the other with the field horizontal. This is a more complicated, 
but perhaps more accurate, way of characterizing the descriptors suggeste 
above. 
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The possibility that difficulty is increased by a mirror-image 
relationship between paired elements was also examined. The rela- 
tive difficulty of paired diagonals (Category 2) might be taken as 
support for this hypothesis. The difference between Categories 9 
and 10 was in the predicted direction, but not to a significant degree 
{t (7) = 1.97]. Between Categories 13 and 14, the difference was 
slightly in the wrong direction. This variable would seem, therefore, 
to have little or no importance. 

Within the limitations of this experiment, linearity vs. nonlinear- 
ity of elements was at best (in Category 5) a moderately effective 
grouping variable. The ordering of RTs for Categories 5-7 suggests 
that straight, curved, and bent segments are related as points on & 
single continuum. Curved elements are, in effect, weakly nonlinear; 
bent or angular elements are more strongly so. It is extremely 
likely that sharper angles would increase the effectiveness of this 
variable; we chose such obtuse angles, as the reader will recall, to 
minimize the possible confounding effects of span or length. The 
unimportance of the length variable confounded in the present case 
is demonstrated by the very great difficulty of Category 8, in which 
a difference in length equivalent to that of Category 5 was the only 
differentiating variable. 


EXPERIMENT II 


Experiment I showed, in the cases of both lines and angles, that 
grouping is affected by the orientation of the stimulus field relative 
to the horizontal and vertical. The theoretical interpretation of 
these effects might vary considerably depending on whether the 
important independent variable is retinal orientation or physical 
(Le. gravitational) orientation. In Experiments II-IV, the two 
reference systems for orientation were dissociated by having Ss 
view the stimuli with their heads tilted 45°. 


Method 


Subjects. Sixteen paid undergraduate volunteers were run in two groups of 
eight (four men and four women in each group). All Ss were screened for 
visual defects as in Experiment I. 


Materials, The materials were the angles that comprised Categories 9-14 in 
Experiment I. 
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Apparatus. For Group U, the apparatus used was the same as that in 
Experiment I. For Group T, the headrest was tilted 45° clockwise, a bite board 
was added to hold S's head at that tilt, and two small white dots were placed 
at the gravitational top and bottom of the circular masks. 


Procedure. In general, the procedure was the same as in Experiment I ex- 
cept that two matrices of each stimulus pair in Categories 9-14, one large and 
one small, were shown in a session. The Ss of Group U viewed the stimuli 
with heads upright, as before. Those of Group T had their heads tilted 45°. 
They were told to think of the gravitational top of the field as ‘up,’ referring 
to the marking dots if necessary. They were allowed to sit back from the 
apparatus between trials but were required to have their heads in the correct 
viewing position for at least 20 sec. before each trial, so that effects of torsional 
eye movements, which are mostly transitory, would be minimal.® 


Results 


For purposes of analysis the six categories (9-14 of Table I) 
were reduced to four by combining Categories 9 with 10 and 13 
with 14, as shown in Fig. 3. The mean RTs graphed in this figure 
are averages over sizes, Ss, and quadrants. 

The effect of stimulus size (not shown) was similar to that 
found in Experiment I. Again, ratings were highly correlated with 
RTs and were not further analyzed. The generally faster RTs in 
Experiment II are probably attributable to the fact that angles were 
the only kinds of stimuli presented. 

The results (Fig. 3; Table III) can be summarized quite simply. 
Group U showed exactly the same pattern noted in Experiment I 


° [ E] 


2 - 1 2 
REACTION TIME IN SECONDS 
HEAD UPRIGHT HEAD TILTED 


Fic. 3. Reaction times for angles in Experiment II, averaged over subjects 


9K. N. Ogle, Spatial localization according to direction, in H. Douson (ed.), 
The Eye, 3, 1962, 237. 
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TABLE III 


STATISTICAL Comparison: EXPERIMENT II 


Respective 
Description of comparison means Diff. i 

Head upright, Group U 

HY 90 (9-10) vs. HV 180 (11) 2.89 2.99 —.10 .89 

D 180 (13-14) vs. D 90 (12) 3.21 2.08 1.13 8.01** 

D 180 (13-14) vs. HV 180 (11) 3.21 2.99 .22  .08 

HV 90 (9-10) vs. D 90 (12) 2.89 2.08 .81 4.38** 
Head tilted, Group T 

HV 90 (9-10) vs. HV 180 (11) 2.10 2.50 —.40 3.10* 

D 180 (13-14) vs. D 90 (12) 2.60 2.61 —.00 .09 

D 180 (13-14) vs. HV 180 (11) 2.60 2.50 10 .94 

HY 90 (9-10) vs. D 90 (12) 2.10 2.61 —.51 5.00** 
EEUU 1 01  — ———H 

Note: Categories shown in parentheses. 

* p < 05. 

** p « 01. 


(of which it was a partial replication): Category 12 (D 90) was 
uniquely easier than the others. Group T also showed uniquely 
faster performance on the combined Categories 9 and 10 (HV 90), 
whieh are, however, retinally equivalent to Category 12. In short, 
what mattered here was the retinal rather than the gravitational 
orientation of the stimulus, despite instructions biased toward the 
gravitational. The smaller difference in Group T than in Group 
U might be taken to suggest a combination of proximal and distal 
effects, but this interaction was not significant. These results are 
discussed further below. 


EXPERIMENT III 


Experiment I showed that horizontal vs. vertical lines give 
better grouping than diagonal vs. diagonal; this difference was 
further investigated in Experiment III, under both head-upright 
and head-tilt conditions, and with somewhat different stimuli. Here, 
Pairs of dots, the pairs differing in orientation (see Fig. 4), were 
used instead of line segments for several reasons: (a) simply to 
extend the generality of the earlier findings; (b) to weaken some- 
What the basis for grouping and thereby possibly to enhance the 
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Fic. 4. Sample displays of dot matrices in Experiment III. Separation of 
paired dots in samples was .085 in. 


difference found earlier; (c) to investigate the effect of variation 
in the separation of the paired dots. 


Method 


Subjects. The Ss were five men and one woman, from the same population 
and meeting the same visual requirements as Ss in Experiments I and II. 


Materials. Examples of the new stimulus matrices are shown in Fig. 4. The 
general plan of Experiment I (one quadrant different from the other three) 
was again employed. The elements were pairs of dots 033 in. in diameter 
drawn in india ink on white paper. Eighty such pairs were semirandomly (see 
Experiment I) positioned in a 2§-in.-diameter matrix. Pairs in the ‘figure’ 
quadrant were always perpendicular in orientation to those in the 'ground' 
area. Four different separations of the paired dots, from .085 in. to .108 in. 
center-to-center (ie. from .052 in. to .075 in. edge-to-edge), were used. For 
each separation, four matrices were constructed, one for each of the four 
possible orientations of the pairs in the figure quadrant; by rotation it was 


thus possible to present any of the four orientations in any of eight possible 
positions. 


Apparatus. Apparatus was the same as that in Experiment II. 


Procedure. All six Ss were treated alike except that stimulus order was 
randomly permuted for each S separately, They viewed the stimuli with heads 
upright (Condition U) and heads tilted 45° (Condition T) alternately over 
blocks of 21 or 22 trials. In each of two 1-hr. sessions, S was presented with all 
16 matrices in all eight rotations for a total of 128 trials. Stimulus order was 
identical for both sessions, but order of head positions was reversed, so that 
each stimulus was viewed under both conditions. During the T blocks, S was 
allowed to sit back from the apparatus between trials but was requested to 
keep his head tilted 45°. Procedure was otherwise like that of Experiment II. 
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To describe very briefly the effect of variation in separation 
before proceeding to results of more central interest, mean RT 
(over all Ss and conditions) increased in an approximately linear 
manner with separation of paired dots, from 2.06 sec. at the closest 
spacing to 3.13 sec. at the widest. However, there was no evidence 
of interaction between separation and other effects; hence the RTs 
subsequently discussed are averages over this variable. All the 
effects reported below were consistent in direction over all four 
Separations. 

Fig. 5 shows results for each S under both conditions. Under 
Condition U, all six Ss responded faster to horizontals and verticals 
than to diagonals (as in Experiment I); under Condition T, they 
all responded faster to diagonals. Under Condition U, the mean 
RTs were 1.79 sec. for H-V pairs and 3.47 sec. for D pairs [t (5) 
= 447, p < 01]. Under Condition T, means were 2.65 and 2.09 
See. respectively [t (5) < 2.24; 05 < p < .1]. Thus, the latter 
effect was marginal, but since the direct probability of six Ss giving 
results in the same direction is only one in 32, it appears likely that 
the effect was a real one, i.e. that retinal orientation is more im- 
portant than gravitational orientation. Some effectiveness must be 
attributed to gravitational orientation, however, because the rever- 
Sal of results with head tilt was incomplete. The difference in favor 
of H-V orientations under Condition U (1.68 sec.) was compared 
With the difference in favor of diagonals under Condition T (.56 
E former was significantly greater [t (5) — 3.09; 02 < p 

The very long RTs obtained in this experiment, at least for 
Some Ss and some stimuli, made us question whether the results 
p be considered relevant to slope as a grouping variable. Al- 
though we have no firm criterion for differentiating between group- 
ing and search tasks, RTs of the order of 4-6 sec. (see Fig. 5) cer- 

Inly seem indicative of the latter. For this reason, we decided to 

d Experiment IV, which used the line segments of Experiment 1 

ategories 1 and 2, with a head-tilt as well as a head-upright 


Condition, 
EXPERIMENT IV 


^ E basic aim of this experiment, as of the two preceding it, was 
Issociate effects of physical and retinal orientation. Additional 


18 


OLSON AND ATTNEAVE ^ 


A) Meon Reoction Times For Subjects on Horizontal~Vertico! ond 
Diegono! Oot Poir Orientations (Heed Upright). 


Fic. 5, Reaction times for paired-dot orientations in Experiment III, under 
two conditions of head tilt 


considerations led to a four-factor design including these variables: 

(1) orientation of elements, whether H vs. V or D vs. D (Table I, 

Categories 1 and 2); (2) head position, upright or tilted 45°; (3) 

matrix size, large or small, as in Experiment I; and (4) relation- 

ship between elements and quadrants. ‘ 
The last variable requires some explanation. If the reader refers — 

back to Fig. 2, he will note that the arrays numbered 1 and 2 differ 

in a respect that is invariant over rotation of either or both. In 1 

the elements are either parallel or perpendicular to the figure- | 


i 
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ground boundaries, whereas in 2 the elements and boundaries are in 
8 45° relationship. Belatedly, it appeared to us that the arrange- 
ment in / made for better segregation of the disparate quadrant 
than did the arrangement in 2; therefore this variable, which had 
previously been buried in the tabulation of data, was ‘pulled out’ 
for consideration here. 


Method 


Bubjects. Eight paid undergraduate volunteers (four men, four women) 
Were employed. They met the previous criteria for good vision. 


Materials. The eight matrices of Experiment I, Categories 1 and 2, were 
used again. These represented the eight possible combinations of size, element- 
quadrant relationship, and figure-ground relationship. 


"Apparatus. The apparatus was the same as before. 


Procedure. The procedure was kept as similar to that of Experiment III 
äs possible. Each S was run in a single session of about 14 hr. including 128 
trials (8 matrices x 8 rotations x 2 head positions). These were divided into 


‘eight blocks of 16 trials each, with head position alternated every block and 
‘size alternated every two blocks. Initial size and head position were counter- 


over Ss. 


Results 


A four-way analysis of variance yielded two significant main 
ects and one significant second-order interaction, as noted below; 
no other effects approached significance. The size of the matrix 
ed no importance either as a main effect or in interaction with 
other variables. Element-quadrant relationship did give a moder- 
Mely significant main effect [F (1, 7) = 7.0, p < .05], but no 
Significant interactions. The Ss located the disparate quadrant more 
quickly when its boundaries were in a parallel-perpendicular rela- 
to elements (1.06 sec.) than when the boundaries and 

ments were in a 45° relationship (1.30 sec.). 
major results, involving element orientation and head 
Orientation, are summarized in Table IV. The main effect of ele- 
ment orientation was highly significant [F (1, 7) = 338, p < 
001]. This is the effect, attributable to physical, or gravitational, 
Orientation of elements, with retinal orientation balanced out: 
'e mean RTs compared were 1.09 sec. for stimuli with physically 
Nn and vertical elements, and 1.28 sec. for stimuli with 
lysieally diagonal elements (see Table IV). The interaction of 
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TABLE IV 


Errects or Heap AND LINE-ELEMENT ORIENTATION: EXPERIMENT IV 


Head orientation 


Head upright Head tilted Mean Diff. 
Element orientation 
.89 1.29 1.09 —.40 
D 1.51 1.04 1.28 AT 
Mean 1.20 PAT 
Diff. — .62 .25 


eee 


element orientation with head orientation was also significant [F 
(1, 7) = 25.0, p < .01]. This is the effect attributable to retinal 
orientation, with gravitational orientation balanced out: the means 
involved were .97 sec. for stimuli with retinally horizontal and 
vertical elements, and 1.40 for stimuli with retinally diagonal ele- 
ments. (These values were obtained by averaging the diagonal cells 
of Table IV. Note that the designations ‘main effect’ and ‘inter- 
action’ are quite arbitrary and would be reversed if the elements 
were described in terms of retinal orientation instead of physical 
orientation.) A paradoxical aspect of these results is that the effect 
of physical orientation was more significant than that of retinal 
orientation, although the effect of retinal orientation on mean RT 
was more than twice that of physical orientation. This means that 
the physical orientation effect, though smaller, was much more 
consistent. It is obvious that the results of this experiment were in 
good agreement with those of the experiment with paired dots. 


DISCUSSION 


Slope was by far the most powerful of the grouping variables 
studied in Experiment I, and we saw further that some effects 
superficially associated with higher-order variables could probably 
be attributed to slope in one sense or another. In Experiments II, 
III, and IV, the question was whether slope, as it contributes to 
grouping, should be defined in terms of retinal or physical coordi- 
nates. The more basic question is whether similarity grouping oc- 
curs before or after the achievement of orientation constancy, or 
possibly at both levels. This question still cannot be answered 
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completely or unequivocally. At the very least, the significant phy- 
sical orientation effects found in Experiments III and IV seem to 
rule out the possibility that grouping occurs entirely at the 
projeetion level, e.g. among slope analyzers rigidly connected to 
the retina. These effects are consistent with the hypothesis (dis- 
cussed above) that grouping occurs among descriptors based on 
relationships to a labile Cartesian reference system. On the other 
hand, retinal orientation also had very important effects in both 
Experiments III and IV; and in Experiment II, which employed 
angles instead of line segments, only retinal orientation was im- 
portant. 

Two alternative approaches to the explanation of these results 
may be suggested. The first, and the most obvious possibility, is 
that horizontals and verticals receive favored treatment both at a 
projection level and at a higher level where phenomenal orienta- 
tion is represented. (This is not to say that grouping processes 
occur at both levels; they could be confined to the higher.) The 
assumption here is that phenomenal orientation is identifiable with 
physical orientation when the head is tilted. This is not necessarily 
true: Attneave and Reid (see n. 4) found that their subjects could 
adopt a head-oriented reference system when instructed to do so. 
However, the subjects in the present experiments were explicitly 
told to think of the physical top of the display as ‘up.’ A second, 
alternative possibility is that the horizontal and vertical have 
special importance only at the higher level but that the phenome- 
nal references axes are during some intervals head-anchored, during 
others gravity-anchored. The momentary probability of one refer- 
ence orientation as opposed to the other might depend upon various 
task and stimulus parameters, as well as upon instructions. One 
such factor might be the complexity of the stimulus situation: note 
the reversal in importance of physical and retinal orientation be- 
tween the discriminative reaction-time studies of Attneave and 
Olson (see n. 4) using single line segments and the present Experi- 
ment II employing the most complex material studied. In any event, 


a tenable explanation must take some account of constancy mecha- 
nisms. 


LEARNING AND RETENTION OF LETTER PAIRS AS A 
FUNCTION OF ASSOCIATION STRENGTH 


HARRIETT Amster, GEOFFREY KEPPEL, and ANN MEYER, 
University of California, Berkeley 


Abstract. "Three experiments on paired-associate learning and retention of 
letter pairs tested the Underwood-Postman hypothesis that extraexperimental 
associations interfere with learning and produce forgetting. As hypothesized, 
in experiments with seven- and ten-year-old children and with adults, highly 
associated (high-strength) letter pairs were learned faster and, on the whole, 
retained better over one week than low-strength pairs. The positive retention 
effects, not observed in previous studies, are partly attributed to the use of 
the correction procedure as a control for the overlearning of easy items in 
low-strength lists that is unavoidable with standard methods. This overlearn- 
ing is believed to reduce the probability of detecting any differential retention 
of high- and low-strength lists. Developmental differences in children were 
small for original learning and insignificant for forgetting. A single postcriterion 
trial, however, facilitated retention-test performance. Theoretical implications 
are discussed, 


The most explicit version of interference theory accounts for the 
forgetting of verbal materials in terms of extraexperimental or 
linguistic interference. This interference could operate between 
words (unit-sequence interference) or between letters (letter-se- 
quence interference). In both cases, it is assumed that the major 
source of interference responsible for the forgetting of a particular 
association stems from responses which are more strongly associ- 
ated extraexperimentally with the stimulus term than is the pre- 
seribed response. One expectation of the theory, then, is an inverse 
relationship between association strength and forgetting, since 
weak responses have more potential competitors than strong re- 
sponses. 


Received for publication September 9, 1969. The research was supported by 
grants (HD-1145 and MH-10249) from the NIH and conducted at the Institute 
of Human Learning, which is also supported by a grant from NIH. The senior 
author conducted the research under a Research Career Development Award 
from NIHD. 

1J. Underwood and L. Postman, Extraexperimental sources of interference 
in forgetting, Psychol. Rev., 67, 1960, 73-95. 
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There have been several tests of this prediction for both sources 
of interference. Tests of unit-sequence interference have generally 
supported the theory. For example, Postman found a greater dec- 
rement in the recall of weakly associated (low-strength) word 
pairs, but this was true only for stimulus terms of low frequency.? 
Higgins replicated these findings, although it is not certain that the 
different sets of pairs were learned to an equal degree? In a later 
study, Postman, Fraser, and Burns obtained better recall of highly 
associated than of unrelated word pairs.* Finally, Turnage, using 
a multiple-choice retention test, reported greater forgetting of low- 
strength word pairs, an effect that was subsequently replicated 
with letter-word pairs by Turnage and Anderson, using the same 
testing procedure.5 

Tests of letter-sequence interference, however, have not generally 
supported the theory. Underwood and Keppel, using the letter-as- 
sociation norms of Underwood and Schulz, selected single-letter 
pairs representing two levels of association strength. Although the 
two sets of pairs were learned at different rates, there was no evi- 
dence of differential forgetting at any of the points at which un- 
ambiguous comparisons could be made. In a subsequent experiment, 
Underwood again failed to find a difference in forgetting letter 
pairs, even when these were more widely separated in normative: 
Association strength and showed an approximately fourfold dif- 
ference in learnability.” Montague and Wearing also reported 
equal forgetting of lists of high- and low-strength letter pairs, but 
their results are difficult to interpret because of differences in 
original learning of the lists. 


j L. Postman, The effects of language habits on the acquisition and retention 
oj Verbal associations, J. exp. Psychol., 64, 1962, 7-19. M 
`J, Higgins, Effect of response probability on acquisition and retention of 
hg associates with varying stimulus frequency: Confirmatory results, J. 
erb. Learn. verb. Behav., 6, 1967, 446-447. f 
ime Postman, J. Fraser, and S. Burns, Unit-sequence facilitation in recall, 
un^ Learn. verb. Behav., 7, 1968, 217-224. k 
$ - Turnage, Pre-experimental associative probability as a determinant of 
Stention, J. verb. Learn. verb. Behav., 2, 1963, 352-300; T. Turnage and N. 8. 
eran, Letter-frequency and associative probability as determinants of 
eps and retention, J. verb. Learn. verb. Behav., 4, 1965, 463-408. 
i «J. Underwood and G. Keppel, Retention as a function of degree of learn- 
ys letter-sequence interference, Psychol. Monogr., 77, 1963 (No. 4), 1-16; 
1-4g Underwood and R. W. Schulz, Meaningfulness and Verbal Learning, 1960, 


As J. Underwood, Degree of learning and the measurement of forgetting, J. 
Wy eam. verb. Behav., 3, 1964, 112-129. 
- E. Montague and A. J. Wearing, Natural language mediation: A source 
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EXPERIMENTS I AND II 


The present studies were conceived as a further test of the 
hypothesized letter-sequence interference and as a vehicle for study- 
ing developmental changes in associative mechanisms. Many of the 
reasons for the negative results on differential retention of high- 
and low-strength letter pairs could be less applicable to children 
than to adults. For example, a major difference between adults and 
children in associative responding to letters is the increase with 
age in the tendency to make meaningful units, e.g. word-completion 
responses or institutional abbreviations, from letter stimuli To the 
extent that adults may employ such a strategy during the course of 
learning letter pairs, and to the extent that such strategies may be 
effectively applied to both high- and low-strength pairs, any dif- 
ferential susceptibility to forgetting such pairs could be reduced in 
adults to a greater degree than in children. In addition, when a 
child begins to read and spell, he may be especially susceptible to 
letter-sequence interference and, as a consequence, show greater 
forgetting of low-probability letter pairs. But as he masters these 
skills, he may ‘process’ words as units rather than as a sequences 
of letters, thus diminishing the relative importance of letter-se- 
‘quence interference. Thus, predictions that rate of forgetting low- 
and high-strength letter pairs interacts with age could, if verified, 
account for previous failures to observe differential forgetting of 
letter pairs with adults. 

Furthermore, although association hierarchies for letters show 
a developmental increase in steepness when estimated from the 
increase in the strength of the primary and other dominant re- 
sponses, there is a parallel developmental increase in the number 
and frequency of very rare responses (sce n. 9). Although it is not 
known whether the number or strength of competing responses is the 
critical source of forgetting, it is clear that the available number of 
low-strength competitors of a low-strength response should be 
greater for adults than for children. On this basis, forgetting of 
weak responses could increase with age as the number of weak 
competitors increases, implying better retention of low-strength 
letter pairs for children than for adults. But on the other hand, 


———Á— iR EE EE 
of interference with extra-experimental interference, Psychon. Sci, 9, 1967, 
317-318. 

9 H. Amster and G. Keppel, Letter-sequence habits in children, J. verb. 
Learn. verb. Behav., 7, 1968, 1326-332. 
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any differences in letter-pair retention between, say, children of 
seven years of age and children of ten may be related to the in- 
ereasing strength with age of dominant responses rather than weak 
competitors, since the increase in number and frequency of rare 
responses between those ages is negligible. Because the use of letter 
pairs permits the assumption that the number of possible responses 
is equivalent for all literate Ss, any age differences in learning and 
retention attributable to associative factors may be said to result 
from changes in the shapes of the hierarchies (and not from con- 
comitant changes in vocabulary size, as occurs with words). Also, 
the constant size of the pool of letter responses simplifies develop- 
mental comparisons by unconfounding frequency as a measure of 
association strength, with age changes in the size of the pool. 

A major requirement of any retention study is to bring different 
treatment, groups to the same level of learning before the retention 
interval in order to separate the effects of the variables under 
investigation from those produced by differences in original learn- 
ing. Underwood has discussed and evaluated two means by which 
such an equation may be accomplished: (a) by matching groups 
through the administration of differential numbers of trials, the 
exact numbers of which are based upon a consideration of learning 
curves obtained from a pilot study; and (b) by matching Ss 
through the use of a common performance criterion (see n. 7). The 
first procedure was used in an unpublished study on the forgetting 
of weakly and highly associated letter pairs by second- and fifth- 
grade children.!? Lists (‘low’ and ‘high’) were drawn both from 
adult norms and from norms relevant to the ages of the Ss. 
On the basis of learning curves obtained from 10 Ss per group 
(eight groups), estimates were made of the numbers of trials 
needed to produce a learning criterion of 5/7 correct. For in- 
stance, on the age-relevant lists second graders attained this cri- 
terion following Trial 13 on the low list and Trial 7 on the high 
list, while on the lists based upon the adult norms the values were 
17 and 13 trials respectively. The main experiment was then con- 
ducted with the appropriate numbers of adjusted trials. 

The results revealed two significant difficulties. First, the equa- 


f 2° The authors wish to thank A. Gordon, who collected and analyzed the data 
Or this unpublished study. 

T For the Underwood-Schulz adult norms, see n. 6 above; for the age-rele- 
ant norms, see H, Amster and G. Keppel, Letter association norms, Psychon. 


9nogr. Suppl., 1, 1966 (No. 9), 211-238. 
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tion of groups was inadequate for our purposes. Out of the four 
comparisons of learning on low and high lists, only one was suffi- 
ciently close to allow a reasonable comparison of retention scores, 
The other three deviated from .90 to 2.70 correct at the end of 
learning. Other investigators have been far more successful with this 
sort of equating procedure,!? but all of their studies have been con- 
dueted with college students. Perhaps the difference in success de- 
rives from the possibility that samples of college students are more 
homogeneous in learning ability than are samples of children drawn 
from the publie schools. It is conceivable that larger samples and 
a better matching of subject pools for the pilot and main experi- 
ments would solve this difficulty in future attempts. 

The second difficulty with this approach was reflected in the 
amazingly high level of retention observed one week after learning. 
Forgetting ranged from 2.4% to 37.5%, with an average of 23.9%. 
While direct comparisons are not possible due to various differences 
in procedure, adults in the Underwood-Keppel study (sce n. 6) 
averaged approximately 51% forgetting over the same time period 
if equations are made for estimated terminal levels of learning. One 
likely explanation of these different amounts of forgetting is the 
strong possibility of hidden overlearning for the children. Fatigue, 
waning attention, and boredom can affect their performance and 
thereby mask overlearning. Whereas such discrepancies between 
learning and performance are not usually suspected in verbal- 
learning research with adults, they are considerably more probable 
with children. Thus, the trial averages, which formed the basis for 
the adjusted numbers of trials in the main retention study, may 
have seriously underestimated the actual level of learning attained 
and resulted in an artificially high level of recall when the deleteri- 
ous effects of practice were no longer present a week later. 

As a result of these considerations, changes were made in the 
equating procedure and in the method of learning for the experi- 
ments that follow. Ss were taken to a common performance criterion; 
and instead of the traditional anticipation method of learning, & 
correction method of learning was used? With this method Ss are 
forced to respond correctly to each stimulus in the list before being. 


12 E.g. Postman, Fraser, and Burns (see n. 4 above) and B. J. Underwood 
and B. R. Ekstrand, Linguistic associations and retention, J. verb. Learn. verb. 
Behav., 7, 1968, 126-171. 

18 See W. F. Battig, Procedural problems in paired-associate learning, PSU 
chon. Monogr. Suppl., 1, 1965 (No. 1), 1-12. 
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given further practice on the list as a whole. The value of this 
procedure was seen as twofold: it may reduce differential over- 
learning between conditions and among items within conditions, 
and it might maintain a high level of motivation for the young Ss. 
In Experiment I the learning and retention of the low and high 
lists were contrasted for second- and fifth-graders; additional 
second-graders were given an immediate postcriterion test in order 
to evaluate the success with which the groups were equated in 
terms of terminal degrees of learning. Lists were selected from the 
relevant children’s norms because the unpublished work had re- 
vealed a more predictable relationship between association strength 
and learning under these cireumstances than when the lists were 
selected from adult norms. Experiment II replicated Experiment I, 
but with the immediate-retention groups included for both grades. 


Method 


Design. The design of Experiment I was an incomplete 2 x 2 x 2 factorial, 
With association strength (low and high) and age (7 and 10 yr.) as the two 
completely crossed variables, and with retention interval (immediate and de- 
lay ed for second graders; delayed only, for fifth graders) as the incomplete 
variable, Experiment II was a complete factorial involving the same variables. 
In all other respects Experiments I and II were identical. 


Materials. Two lists, with seven pairs of letters in each, were selected from 
^ge-relevant letter-association norms (see n. 11) for the two age-groups. The 
Second-graders’ low list was F-K, C-J, Y-G, M-D, V-L, A-Q, K-P; the second- 
Braders’ high list was F-I, C-A, Y-R, M-O, V-S, A-B, K-E; the fifth-graders’ 
Iw list was LV, K-F, X-D, U-X, W-C, N-B, Q-G; the fifth-graders’ high list 
was I-O, K-E, X-Y, U-D, W-A, N-M, Q-U. The high lists had average per- 
centage forward association strengths of 12.9% and 13.6% for second- and 

th-graders respectively; the low lists, averages of 4% and 5%. (These values 
EN to the percentages of Ss giving these particular letter associations on the 
etter-association norms. Within each age-group, the same stimulus terms 
were used, so that the low and high lists were differentiated entirely in terms 
of the response term, In each list one letter was used both as a stimulus and a 
MAD term. In selecting letter pairs, an attempt was made to hold back- 
bis Association strengths constant at a low value. The respective percentages 
liste 976 and 88% for the two high lists, and 2.0% and 2.5% for the two low 


eras. The Ss were trained to criterion using the correction method 
ti n ly as described by Battig (see n. 13). The training began with a main 
ax. consisting of a study trial and then a test trial on all seven pairs, followed 
Mr Subtrial consisting of a study trial and a test trial on those items that 

not been given correctly on the preceding main trial. Subtrials were re- 


Peated in the same manner by continually dropping out pairs attained on the 
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preceding subtrial until each pair was correctly anticipated once. At this 
point a new main trial and new subtrials were given. This procedure was re- 
peated until S achieved a criterion of 6/7 correct on a main test trial. 

Five different orders of the pairs were used on the study trials. The test- 
trial stimuli were also arranged in five orders which differed from the study 
orders. Starting position was selected at random for each S, but each starting 
position was represented equally within each group. The method of presenta- 
tion entailed the use of the designated starting order on the first main trial and 
successive predesignated orders on the subsequent main trials or subtrials. On 
most subtrials E could merely delete from the prearranged order those items 
that had been attained. When only a few items remained, it was occasionally 
necessary to reverse the order to prevent more than two successive presenta- 
tions of two stimuli in the same order. 

The materials were presented by means of a Kodak Carousal projector con- 
trolled by a Time-O-Lite timer. The study and test intervals were both set at 
2 sec, with an interstimulus interval of approximately 3 sec. The intervals 
between each study-test sequence, whether a main trial or a subtrial, was 
manually controlled and minimized to about 3 sec. 

Instructions on the correction method were supplemented by a practice task 
consisting of five pairs of pictures of common objects, e.g. cat, house, boat, bell, 
ete. The practice task was taken to a criterion of 4/5 correct before the ex- 
perimental task was undertaken. Following the attainment of criterion on the 
main task, Ss in the immediate groups were given an additional test trial, while 
training was terminated for Ss in the delay groups. All Ss were given a reten- 
tion test after 1 wk. (A comparison of immediate and delay groups on the 
delayed test allowed & determination of the influence of the immediate-re- 
tention test on delayed recall) All of the stimuli were presented on each 
retention test. The testing procedure was identical to that used in learning. 


Subjects. A total of 60 children served in Experiment I, with 10 Ss in each 
basic list-grade-interval combination. The Ss were drawn from the University 
of California Demonstration Summer School at Whittier School in the Berkeley 
Unified School District (tuition required). There were 80 Ss in Experiment Il, 
10 in each of the eight treatment conditions. These Ss were attending Whittier 
School and were tested during the normal tuition-free school year. Both 
samples of Ss were roughly of middle-class socioeconomic status, although the 
summer-school sample was probably higher in status but more variable in 
ability. The Ss were assigned randomly to conditions in blocks of four (Grade 
2) and two (Grade 5) in Experiment I and in blocks of four in both grades in 
Experiment II. Only one S was dropped (from Experiment I, because of 
absence for the retention test), and he was replaced. 


Results 


Learning. With the correction method of learning, typical mea- 
sures of acquisition such as trials to criterion do not provide 8 
sensitive index of learning differences. This is a consequence of the 
fact that the ‘remedial’ training given slow Ss or difficult pairs tends 
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TABLE I 


Mean TOTAL EXPOSURES PER PAIR 


Association strength 
Low High 
Immediate Delay Mean Immediate Delay Mean 
Experiment It 
Grade 2 6.87 8.81 7.84 4.54 4.98 4.76 
Grade 5 6.88 6.88 3.36 3.36 
Experiment ITt 
Grade 2 5.84 8.94 7.39 5.01 4.97 4.69 
Grade 5 6.90 5.18 6.04 2.64 3.33 2.98 
t MS—within = 9.484. 
1 MS—within = 7.335. 


to reduce differences among groups in rate of acquisition. The 
measure used here counted the total number of pair exposures 
needed, on main and subtrials, to reach criterion. These scores, 
divided by the number of pairs, are presented in Table I. In both 
experiments there was a sizable effect of association strength (p < 
001), low-strength pairs requiring more presentations than high- 
strength pairs. Age effects were small, fifth-graders tending to learn 
more rapidly than second-graders. This difference was not reliable in 
Experiment I [F (1,54) = 1.96, p > .10] but attained an acceptable 
level of significance in Experiment II [F (1, 72) = 637, p < 025]. 
In neither experiment, was there an indication of any interaction of 
age and association strength (Fs < 1). (It should be noted that 
any comparison between grades must be interpreted with caution 
Since different lists were used at each grade level. On the other 
hand, the two sets were matched on all known relevant variables 
80 that this confounding of grades and materials was not con- 
Sidered serious.) 

Where available, immediate and delay groups were compared for 
Speed of learning. In all cases except one, these differences were 
hot significant (ps > .10). The exception occurred in Experiment 
II, for the second-graders learning the low list [F (1, 72) = 6.55, 
Las 025]. There is no explanation for this difference other than the 
vagaries of random sampling. This inequality is probably not 
Serious for the retention part of the study since all Ss were carried 
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to the same performance criterion and the correlation between 
total presentations and recall was essentially zero. 

Recall. Table II presents a number of measures useful to inter- 
pretation of the retention data. The first column lists the average 
performance of the different groups on the criterial trial. An inspection 
of these values reveals relatively homogeneous performance of the 
14 groups, indicating that in spite of differences in learning, the 
groups learning the low and high lists (‘low’ and ‘high’ groups) 
tended to approach the same terminal level of learning. As Underwood 
has argued, however (see n. 7), this does not guarantee that Ss 
actually reached the same level of learning. The immediate-retention 
data provided a check on this. A comparison of immediate and cri- 
terial scores shows a loss but still fairly homogeneous levels for the 
low and high groups (X — 5.97 and 6.10 respectively). In terms of 
percentages, these scores represent a 5.7% drop for the low list and 
a 3.6% drop for the high list. In short, these data indicate that the 
groups were well matched in terminal performance and that any 
differences present may be ‘taken care of’ by considering loss scores. 

The recall scores obtained following the one-week retention in- 
terval are given in the third column of Table II. The overall level 
of retention was quite comparable to that obtained with adults who 
learned by the anticipation method. With immediate recall as a 


TABLE II 


MEAN RECALL AND Loss Scores 
pen SE a roce V TU OE" 


Criterial Immediate Delayed Loss 
Scores recall recall Scores 
Low High Low High Low High Low High 
Experiment I 
Grade 2 
Boedo i n 5.7 5.9 3.1 3.8 2.0 2.1 
ay . . 2:9 8:1 2 3.8 
Grade 5 i 
Delay 6.4 6.2 3.4 3.8 8.0 2.4 
Experiment II 
Grade 2 
Immediate 6.3 6.4 6.4 6.0 3.7 4.6 po. 1.4 
Delay 6.2 6.4 2.0. 42 3.0 22 
Grade 5 
Immediate 6.3 6.3 6.8 64 38.6 4.5 2.2 1.9 
Delay 6.2 6.2 3.1 3.7 8.1 2.5 
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baseline, the average level of retention for the combined delay 
groups was 5576. It was noted earlier that college-student Ss re- 
called 5176 of the letter pairs over the same retention interval (see 
n. 6). Thus, it appears that the considerably higher percentage 
obtained previously (in the unpublished study mentioned above) 
was not the result of a greater resistance to forgetting for children 
but, rather, attributable to overlearning of the pairs. In the main 
comparisons of interest, there was, here, consistently higher recall 
of the high-strength lists, a difference predicted by the Underwood- 
Postman theory (see n. 1). In terms of percentages (delay/immedi- 
ate), retention was 49.9% for the low list and 60.6% for the high 
list. The same pattern is present when one considers the delayed 
recall of the immediate groups. 

Statistical analyses were complicated, since immediate-retention 
groups were not included for the fifth graders in Experiment I. This 
problem was solved in two ways. First, immediate and delayed re- 
tention intervals were employed in two analyses: Experiment I, 
Grade 2 only; and Experiment II, both grades. For Experiment I the 
analysis was a 2 x 2 factorial (strength and interval). The main 
effect of strength and the critical interaction were not significant 
[the Fs (1,36) = <1], but there was reliable forgetting [F (1,36) = 
67.13, p < .01]. For Experiment II the analysis was a 2 X 2 X 2 
(strength, interval, and grade). This analysis also showed reliable 
forgetting [F (1,72) = 144.46, p < .01] and, moreover, superior re- 
call of the high lists [F (1, 72) — 6.68, p « .025]. The critical in- 
teraction of interval and strength was significant, but since the 
Interaction of interval, strength, and grade was also significant 
[F (1,72) = 4.78, p < .05], the nested effect was assessed. For 
Grade 2, the critical interaction was highly significant [F (1, 36) = 
9.55]; but not for Grade 5 (F < 1). Thus, although the means were 
ìn the direction of superior recall for the high lists in all groups for 

oth experiments, it was only for Grade 2 in Experiment II that the 
effect Was both significant and supported by a significant critical 
Interaction, 

A second analysis compared every available low-high compari- 
Son independently. For this analysis, loss scores were used to cor- 
rect for any differences in degree of learning. For the immediate 
Soups, this latter estimate came from the immediate test; for the 

E AY groups, it came from the criterial test. The actual values 
entering into this analysis are shown in the last column of Table 

- The average loss scores were 2.91 and 2.26 for the low and high 
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lists respectively. An analysis of variance, treating the seven com- 
parisons as one factor and associative strength as the other, pro- 
duced a significant difference for the low-high comparison [F (1, 
126) = 7.63, p < .01]. None of the other sources was reliable (ps 
« .10). The same conclusion is reached if the seven comparisons 
are treated as independent tests of the same hypothesis [X? (14) 
= 29.88, p < .01].* 

A final comparison of interest was between the immediate and 
delay groups on the delayed-retention test. In all six of the possible 
comparisons, recall was higher for the immediate groups. An analy- 
sis of Experiment II, where the factorial design was completely 
balanced, substantiated this observation [F (1, 72) = 5.36, P 
< .025]. None of the interactions involving this variable was 
significant (Fs < 1.06). From these data, then, it is clear that a 
single posteriterion recall trial can considerably enhance recall on 
a delayed test. This conclusion runs counter to that suggested by 
other studies concerned with this effect: Montague and Kiess, for 
instance, employed the correction method with adult Ss and yet 
failed to find an effect on retention of three repeated tests.1° The 
criterial differences between such studies and the present ones are 
difficult to isolate a priori; nevertheless, they are important to 
future research with children on the effect of postcriterion test 
trials upon delayed recall, for, as has been seen, the effect can be 
quite large. 


EXPERIMENT III 


Why did degree of letter-sequence interference influence for- 
getting in children when it has not done so for adults? One strong 
possibility is that the present experiments with children used 
the correction procedure, while the experiments with adults used 
standard anticipation learning (see nn. 7 and 9). An advantage of 
the correction method is that it may reduce differential overlearning 
among pairs, which may account for the failure to find results with 
the anticipation method. Although overlearning of individual pairs 


C——————————————M ———————————————————— ————————— 


14 B. J. Winer, Statistical Principles in Experimental Design, 1962, 43-45. 

15 C. N. Cofer, F. Diamond, R. A. Olsen, J. S. Stein, and H. Walker, Com- | 
parison of anticipation and recall methods in paired-associate learning, J. €2P- - 
Psychol., 75, 1967, 545-558; W. E. Montague and H. O. Kiess, Test of a pro^ ` 
cedure to control inter-pair learning and the effect of repeated, post-criterion 
test trials on retention, Psychon. Sci., 6, 1966, 191-192. 
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is a problem in any retention study, greater differential learning 
can occur among pairs within difficult lists than among pairs in 
easy lists. The differential overlearning comes about in any list by 
virtue of the fact that the first-learned pairs receive overlearning 
trials while the remaining pairs are acquired. Moreover, the ex- 
tent to which this occurs tends to increase with the difficulty of the 
list. Thus, greater forgetting of low-strength pairs in the adult 
studies may have been offset by greater overlearning of easy pairs 
in the low list. To the extent that the correction method can re- 
duce differential overlearning, it should provide a method for re- 
vealing retention differences between high and low lists and thus 
support the Underwood-Postman theory with college-age Ss. 


Method 


Design and materials. There were two basic groups, and the major experi- 
mental variable was the association strength of the letter pairs. To reduce the 
Speed of learning the high list, the number of letter pairs was increased from 
7 to 11. Four different lists at each level of strength were selected from the 
Underwood-Schulz adult norms (see n. 6). The lists were constructed in four 
low-high sets (see Table ITI); for each set the same 11 letters constituted the 
stimuli while different responses determined the association strength. No letter 
Was used more than once in any list. The average association strength for the 
low list was 1.5%; for the high list it was 15.2%. 


Procedure. Essentially the same correction procedure used in Experiments 
Tand II was followed in Experiment III. Verbal instructions were abbreviated 


TABLE III 


Lists For EXPERIMENT III 


Set 1 Set 2 Set 3 Set 4 


Low High Low High Low High Low High 


BL B-E ZS ZT QF Q-U XS) X-Y 
CG CD JT JK RD RS KY KL 
X-F X-Y  H-K H-I V-P V-W  M-V M-N 
J-N J-P LV LM H-S HE WD WU 
QZ QT RM RS XW XI ZP ZT 
R-U RS WP WE CN CO GN GO 
W-P W-U QN QU YB Y-A QF QR 
E-S HO BF BO LT FP H-U H-I 
-A IN XU XY Zi €T. RB 
K-Y K-L CE CD KG KL CL CA 
V-M V-A GD G-A M-U MN JT J-P 


Mean 
Strength 18% 11.5% 1.6% 17.0% 11% 13895 1.595 18.6% 
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and the presentation rate was increased, however. For Experiment Ill 
pairs were exposed for 1 sec. and the testing rate was set at 15 sec. per pait 
Intertrial intervals were controlled manually and minimized to about 3 8 
The Ss were taken to a criterion of 9/11 correct. Following the criterial tri 
all Ss were dismissed; they were asked to return for a recall test 1 wk. lat 
but were not informed of the purpose for their return. 


Subjects. The Ss were 40 undergraduates in psychology courses at 
University of California, Berkeley. They were assigned randomly to low-high 
lists in blocks of 4 Ss; lists were balanced over the course of the experiment 
20 Ss per basic condition and 5 Ss per list within each condition. No Ss wer 
excluded for failure to return for the delayed test. 


Results 


Learning. In spite of a generally rapid rate of acquisition, a dif- 
ference still emerged between the two conditions. The mean num- 
bers of presentations per pair to criterion were 3.43 and 2.23 for 
the low and high lists respectively [F (1,32) = 24.12]. In addition, 
list sets produced significant variability [F (3, 32) = 3.53, p S 
.05]. The fact that the interaction of sets and strength was nob 
reliable [F (3, 32) = 2.00, p > .10] indicates that strength had 
general effect and that the differences among the sets may have 
been due to the particular stimuli chosen for each set. Inspection 0! 
the lists did not reveal any obvious stimulus differences, however. 


Recall. As in Experiments I and II, the low list was more poorly 
recalled than the high. The averages were 4.75 and 7.30 respet- 
tively. This difference was unaffected when loss scores were com- 
puted, since identical criterial scores (10.25) were obtained in 
two conditions. An analysis of the loss scores showed the differen 
tial forgetting of the two lists to be significant [F (1, 32) = 17.17] 
Again, differences among the list sets were reliable [F (3, 32) 
10.46, p < .01], while the interaction was not (F < 1). There wa 
no strong relationship between list difficulty and amount lost, 8! 
ordering from the easiest to the most difficult set being associated 
with a 2-1-4-3 ordering from the smallest to the greatest loss. A 
& further exploration of the effect of learning speed on forgetting 
Ss were divided on the basis of the total number of presentations t 
criterion. There was some evidence of a smaller loss for the fa 
Ss (mean loss = 3.59 and 5.00 for the fast and slow learners respec 
tively), but neither this difference, nor the interaction of strengt 
and subject, was reliable [F (1, 36) = 3.16 and < 1 respectivel) 
ps > .05]. In short, we were unable to discover the factor(s) con 
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tributing to the differences in learning and recall for the four 
stimulus sets; but the fact that the sets did not interact with the 
strength variable allows the general conclusion that high-strength 
letter pairs were learned faster and forgotten more slowly than 
were low-strength pairs. 


DISCUSSION 


The learning data of Experiments I and II confirm other reports 
that association norms can provide fairly accurate prediction of 
the rates at which children learn particular letter pairs in the 
laboratory.!9 The data of Experiments I and II (and III) further 
show that even relatively small differences in assumed association 
strength produce sizable differences in learning. The only unam- 
biguous developmental comparisons showed only small overall 
age differences in learning between second- and fifth-graders—not 
à surprising result, considering that only three years separate the 
two grades and that age differences have not been found with 
Separations of two to four years.17 More important was the pos- 
sibility of finding an interaction of association strength and age, for 
earlier research on word-association pairs suggests that the influence 
of association strength decreases for the older Ss. In neither Experi- 
ment I or IT, however, was there any indication of such an interac- 
tion of association strength and age. Moreover, it is highly unlikely 
that even considerably older subjects would show an elimination of 
the difference in the learning of low- and high-strength letter 
Pairs. For instance, the college students in Experiment III still 
exhibited a reliable difference. In addition, Underwood reported 
Substantial differences with college students learning lists of ap- 
Proximately the same levels of strength (0% and 13.9%; see n. 
7) as those employed in Experiments I and II (0% and 12.9%- 
13.6%), Thus, it is possible that the influence of association strength 


uH. J. C. McCullers, An analysis of some factors underlying intra-list 
ye Ale transfer in paired-associate learning J. ezp. Psychol., 65, 1963, 163- 
Eu also, D. A. Wicklund, D. 8. Palermo, and J. J. Jenkins, The effects of as- 
3 ciative strength and response hierarchy on paired-associate learning, J. verb. 
Pr verb. Behav., 3, 1964, 413-420. 4 i 
b C. McCullers, Effects of associative strength, grade level, and interpair 

si in verbal paired-associate learning, Child Develpm., 32, 1961, 773-778; 
cati hapiro, Paired-associate learning in children: Length of list, initial asso- 
903-908 strength, presentation time, and grade level, Psychol. Rep., 20, 1967, 
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exhibits a different developmental trend in the learning of word. 
pairs than it does in the learning of letter pairs. 

An important source of difference between investigations using 
letter pairs and those using word pairs is that the latter often omit 
an important control: common stimulus terms in high and low 
lists. The use of common stimuli ensures that for every pair in the 
high list there is a pair from the same hierarchy in the low list 
which is definitely lower in associative strength. (This is so even 
though the association strengths may not conform precisely to their 
frequencies.)!5 Since no evidence for developmental differences in. 
the effects of association strength was here observed, it is not 
possible to speculate about the relative importance of the size and 
shape of the hierarchy in accounting for retention. However, the 
overall superiority of learning and retention with the high list 
can certainly be attributed to association strength per se rather 
than to either size or shape of hierarchy, since the high and low 
pairs eame from the same hierarchies in every case. Although this 
fact is believed to contribute greatly to the possibility of revealing 
differences in retention due to associative strength, it is noted that 
Underwood's letter pairs were controlled in this manner also; yet 
he failed to obtain a retention effect (see n. 7). 

Perhaps the age difference in trends for word pairs can be ex- 
plained by a consideration of the cumulating frequency with which 
partieular pairs are experienced in the course of normal linguistic 
activity. Assuming that an asymptote is reached in the tendency 
of additional exposure to increase ‘learnability,’ low-strength pairs 
will eventually ‘catch up’ with high-strength pairs. At this point, 
word-association strength will no longer influence speed of paired 
associate learning. Essentially the same explanation has been of 
fered by Wicklund et al. (see n. 16). Using this ‘asympto 
explanation, certain other facts fall into place. For example, it i$ 
less likely that word associates of infrequent English words reach 
asymptote; as a consequence, differences in learning as a functii 
of association strength can still be obtained with college students; 
as Postman reported (see n. 2). Similarly, the fact that word pairs 
drawn from restricted association norms predict the learning 
college students!? can be explained by assuming that high-stren 


18 The shape of the hierarchy as well as the frequency appears to aff 
learnability, as shown by Wicklund, Palermo, and Jenkins (see n. 16 ‘above): 
19 B, J. Underwood and R. W. Schulz, Response dominance and rate of lesi 

ing paired associates, J. gen. Psychol., 63, 1960, 153-158. 
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pairs from these norms have not reached asymptote either. This 
assumption is not unreasonable in the light of the difficulty of ob- 
taining such norms.?? 

In contrast, letter pairs are probably not affected in the same 
way by inereased experience with the language. That is, high- 
strength pairs for adults represent the production of alphabetical 
Sequences and the continuation or completion of well-integrated 
letter habits, e.g. words and common abbreviations.2! While high- 
strength letter pairs undoubtedly reach an asymptote of strength 
early, low-strength pairs may show a slow and gradual increase. 
Unlike low-strength word pairs, low-strength letter pairs receive 
little systematic linguistie input and thus remain far lower in 
absolute preexperimental strength than pairs which appear in words. 
This interpretation of the present results does not account for the 
failures of Underwood and Keppel and of Underwood to find re- 
tention differences for adults (see nn. 6 and 7). It is, rather, based 
9n notions that require experimental verifieation, i.e. develop- 
mental investigations of the influence of association strength on 
learning for a variety of association norms. 

The retention data of Experiments I, II, and III provide 
considerable support for the Underwood-Postman theory of extra- 
experimental interference. Admittedly, the differences in the re- 
call of low and high lists were not great for the children in Experi- 
ments I and II, but they were consistent. It is conceivable that the 
differences could be magnified with greater contrast in association 
strength, or that there is a genuine increase in the effect with age. 
Age differences in forgetting were not observed, but perhaps they 
should not be expected since (a) the explanation above would 
Predict an early asymptote in effective strength, (b) age produced 
only small effects in learning, and (c) speed of learning was not 
consistently related to retention. 

The college-age Ss in Experiment III were tested to determine 
whether differential forgetting of low and high pairs might be ob- 
‘erved when the correction method was used during acquisition, 
thus accounting for earlier failures to find retention differences as a 
‘unction of associative strength. The answer to this question was 
‘Mpressively affirmative, retention being 46.3% for the low pairs 


Pia: B. J. Underwood and J. Richardson, Some verbal materials for the 
ed concept formation, Psychol. Bull., 53, 1956, 84-95. 
above), Amster and Keppel (n. 9 above) and Underwood and Schulz (n. 6 
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and 71.2% for the high pairs. Since immediate-retention groups 
were not ineluded in this experiment, there is the possibility that 
the low and high lists were not at the same level of learning at the 
end of the criterial trial. While it is true that the groups were equal 
on this trial, one might still expect the high group to benefit more 
from the terminal recall trial than would the low group. Two 
arguments ean be offered against this possibility, however. First, 
the immediate-retention groups of Experiments I and II showed 
that an extra recall test (the posteriterion trial) can enhance re- 
tention but that this gain was equivalent for the low and high 
lists. There is no reason to believe that this would not also have 
been true in Experiment III. Second, even if a small difference in 
degree of learning were present, it is unlikely that this discrepancy 
could account for a difference as large as that observed on the 
delayed test. We conclude, therefore, that the differential forgetting 
of low and high pairs was due to factors coming into play following 
learning and not to a difference in degree of learning. 

One reason for the success of this experiment and the failure of 
others has already been mentioned, namely, an overlearning of the 
easier pairs in the low list. There is no corroborating evidence in 
support of this speculation, nor have direct comparisons of the cor- 
rection and noncorrection procedures in learning and retention as 
yet been reported. Until such comparisons are made, we can only 
suggest that the correction method may offer a more sensitive 
method for assessing differences in forgetting and that this in- 
creased sensitivity involves a reduction of interpair and inter- 
subject variability. 

As detailed in the introduction to this paper, the greater for- 
getting of the low-strength letter pairs can be interpreted in terms 
of an increased amount of letter-sequence interference relative to 
that present for high-strength letter pairs. It might also be inter- 
preted in terms of response generation. That is, if Ss give high- 
strength responses at recall when they cannot produce the correct 

' responses, they may be given credit for ‘hits’ when in fact they 
were merely guessing. This, of course, is a difficult proposition to 
reject, although we can offer three comments which tend to mini- 
mize its relevance to the present experiments. First, guessing W8$ 
not widespread since there were few overt errors at recall, and they 
occurred at roughly the same rate for low and high lists. Second, 
the high-strength pairs in Experiment III were not necessarily the 
primary associates of the stimuli, so that a ‘normative’ guess woul 
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not match the actual response being called for. Third, and perhaps 
most convincing, is the fact that high-strength lists of approxi- 
mately the same normative level have failed to produce superior 
retention.?? If guessing is offered as an explanation of the present 
experiments, it cannot accommodate the lack of effect reported in 
the earlier study. For these reasons, then, these data are taken to 
be a relatively substantial verification of the role of the letter- 
sequence interference in the forgetting of letter pairs. 


?? Underwood (see n. 7 above). 


EMMERT'S LAWS: 
SIZE CONSTANCY VS. OPTICAL GEOMETRY 


DawrEL J. WerNTRAUB and Geraro T. Garpner, University of Michigan 


Abstract. Two relationships may be formulated concerning the size of 
projected afterimages: Emmert’s law of retinal size—an extension of optical 
geometry—and Emmert’s principle of perceived size—a principle linked to the 
classical issue of size constancy. The distinction between the relationships, 
the inadmissibility of null-match procedures for assessing perceived size, 
and related methodological issues and improvements are discussed. Two ex- 
periments investigating the dual formulation are described. Data from & 
distance-adjustment null-match method indicated that the law of retinal size 
held with precision for the individual observer. A falsified cue used to mislead 
observers did not affect null-match estimates but did affect a concomitant 
measure of perceived afterimage size, in accordance with the dual formulation. 


The size of a projected afterimage increases with an increase in 
the projection distance and decreases with a decrease in the pro- 
jection distance. This is the gist of what Emmert wrote; it has 
come to be known as Emmert’s law. What Emmert intended to 
convey to us by his statements is of historical importance, but his 
principle is too vague to merit the status of law. The principle 
does merit amending, however. There is a sufficient logical and 
experimental basis to make a case for two explicit Emmert’s Jaws.’ 
We follow the lead of Edwards and Boring, and differentiate be- 
tween Emmert’s principle of perceived size (linked to the issue of 
size constancy) and Emmert’s law of retinal size (a straightfor- 
ward extension of optical geometry) 2 

(L) Emmert’s principle of perceived size holds that the pet- 
ceived size of a projected afterimage tends to covary with the 


Received for publication August 11, 1969. Preparati rticle was 
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1 E. Emmert, Grössenverhaltnisse der nachbilder, Klin. Monatsbl. Augenheil- 
kunde, 19, 1881, 443-450. 

2 W. Edwards and E. G. Boring, What is Emmert’s Law? this Journat, 04 
1951, 416-422. 
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perceived distance of the surface onto which the afterimage is pro- 
jected, both variables increasing or decreasing together—a re- 
lationship between perceived size and perceived distance similar to 
that produced by a physical stimulus which maintains a constant 
retinal size regardless of physical distance. A version of the size- 
distance invariance hypothesis states that a given retinal size (R) 
determines a unique ratio of perceived size (s) to perceived 
distance (d) : 


R = k(s/d). i1] 
In order to clarify Emmert's principle of perceived size, the simple 
relationship of Equation 1 is used in the discussion that follows. 

(IL) Emmert’s law of retinal size holds that at the surface on 
which an afterimage is projected, the physical size (S) of a stimulus 
generating a retinal size (R) which matches the retinal size of the 
Afterimage is directly proportional to the physical distance (D) of 
the projection surface. That is, 


Siia physical size) = (R/K)D. [2] 


(See Fig. 1, an instance of optical geometry applied to afterimages; 
Since an afterimage has no physical size to ‘cause’ its retinal size, 
the physical size of the comparison has been labeled ‘equivalent 
physical size’ above.) Emmert’s law of retinal size should always 
hold, regardless of the perceived size or perceived distance of the 
afterimage, Ultimately, however, two Emmert’s relationships are 
necessary because the world of experience is not a perfect replica of 
the physical world, Afterimages further complicate matters of size 
and distance because an observer is concerned with the size, not of 
a physical stimulus, but of the aftereffects of a physical stimulus. 


Three issues which permeate the literature on Emmert’s ‘law’ can 
be Pinpointed: What did Emmert really mean by it? What can be 
Inferred about perceived size from various reported-size measures? 

9 the Psychophysical data confirm Emmert’s law of retinal size 
and Emmert’s principle of perceived size? In response to the first 
ne, let us defer to the excellent discussions already provided by 

dwards and Boring (see n. 2) and by Epstein, Park, and Casey. 

ü ^ Tesponse to the second issue, however, on inferring perceived 
ze from a reported-size measure, let us start by supposing that a 


8 x é A 
s Epstein, J. Park, and A. Casey, The current status of the size-distance 
esis, Psychol. Bull., 58, 1961, 491-514. 
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yardstick is superimposed upon an object and that the observer is 
asked to give the size of the object in inches. This is a form of null 
match; the observer counts the number of units subtended by the 
object. Or, he takes calipers, bracketing the object to make his 
null match, and the experimenter applies the yardstick to the 
calipers. Obviously, these techniques are those of basic linear mea- 
surement, Reported size will correspond very closely to physical 
size regardless of the physical distance between observer and ob- 
ject, and regardless of the perceived size or the perceived distance 
of the object. These techniques are relevant in testing Emmert’s 
law of retinal size (see Young’s bracketing method)* but not in 
testing Emmert’s principle of perceived size. Having thus excluded 
null-match procedures (superposition and side-by-side matches) in 
assessing perceived size, we must further assume that the distance 
and size of a comparison stimulus are correctly perceived by the 
observer (perceived distance matches physical distance, perceive 


5 F. A. Young, The projection of after-images and Emmert's law, J. 9€" 


Psychol., 39, 1948, 161-166. 
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size matches physical size) if we are to use the physical size of the 
comparison stimulus as a measure of perceived size. This assump- 
lion of perfect size and distance constancy is perhaps never justi- 
fiable, but it may often be reasonable for nearby objects viewed in 
natural surroundings. 

In response to the third issue, on psychophysical evidence for the 
two Emmert's relationships, let us begin by noting that in 1948 
Young published the first of a series of experiments assessing Em- 
mert's law of retinal size by means of a superior experimental pro- 
cedure (see n. 4). Young's observers bracketed the left and right 
edges of their afterimages by adjusting two pinpoint spotlights. 
This null-match adjusted-size procedure was employed on after- 
images projected onto surfaces at different physical distances. Aver- 
aging across observers, Young presented the linear distance be- 
tween the spotlights (equivalent physical size) as a function of 
physical distance to the projection surface and found that Equation 
2 adequately described the averaged data. Several points were 
Significantly different from their predicted values. But more dis- 
turbing was the finding that the data for each observer deviated a 
great deal from predicted values. 

In contrast to Young's quantitative work, many other studies 
have been directed toward demonstrations which support a logical 
argument. Price carefully reviewed this literature and explicitly 
distinguished between the two possible interpretations of after- 
Image size: apparent size (‘perceived size’ in our terminology) and 
Physical size (‘equivalent physical size’ is a preferred term since an 
afterimage has no physical counterpart); he proposed two corre- 
Sponding laws.5 In his experiments, distance cues were artificially 
manipulated so that the afterimage projection surface at the farther 
Physical distance was at the closer perceived distance, and equiv- 
alent physical size was measured with a caliper method similar to 
Young's. Price did not present; the resulting data but reported that 
the null-match reported-size measures (caliper technique) of the 
afterimages did not closely approximate the predicted values. How- 
ever, the observers, using a rating scale, rated the afterimage at 

€ closer perceived distance as smaller. ’ 

* experiments reported in the present paper applied an im- 
Proved null-match technique in an effort to obtain precise corrobora- 


5 : 
E R. Price, An Emmert's law of apparent size, Psychol. Rec., 11, 1961, 145- 
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tive evidence for Emmert’s law of retinal size—evidence that 
neither Young nor Price had obtained. It should be possible to find 
experimental results that elosely conform to the law of retinal size, 
a relationship whieh has always been considered valid on a priori 
grounds. The second experiment reported below attempted to dem- 
onstrate in a parametrie study that two different reported-size 
measures, given sequentially on every trial, can produce disparate 
values for the same afterimage, each value presumed to correspond 
to the appropriate Emmert’s relationship. 


EXPERIMENT I 


Instead of providing projection planes at different distances and 
requiring the observer (O) to report afterimage (AI) size at each of 
these distances, Experiment I utilized an alternative method (de- 
scribed by Gardner and Weintraub) in which different physical 
sizes were presented and O adjusted the projection distance appro- 
priately.5 A card on which a square was drawn was mounted on an 
apparatus that permitted O to control the distance of the card. After 
a square AI was induced, the O was asked to adjust the distance 
(D) until the square on the card (S) just surrounded his projected 


AI. With squares of different size, it was then possible to plot the 
function relating D to S. 


Method 


Subjects. The Os were 20 volunteers, men who were undergraduates at the 
University of Michigan, 


Apparatus and procedure. The O's head was immobilized by a frame that 
braced jaw and forehead. Below O's eye level was a 49-in. track extending 
horizontally away, parallel to his line of sight. A channel in the track contained 
a sliding shoe bearing a vertical stimulus card. With a knob connected to * 
cord-and-pulley system, O could rapidly and accurately adjust the distance 
of the stimulus card. He could also alter background illumination, by using * 
variable voltage transformer to control the luminance of a shaded 100-w. bulb. 

Comparison stimuli were drawn in india ink on white rectangular cards, 
8 X 84 in. Each card displayed the outline of a square and a centered fixation 
cross that was à X 1 in. The squares were of five sizes: 2, 3, 4, 5, and 6 in. 0? 
a side. 

A positive AI was induced by flashing into the O's eye a Honeywell No. 64B 
electronic photoflash masked to provide a stimulus that was a 1-in. square 


* G. T. Gardner and D. J. Weintraub. Tracking afterimage shrinkage during 
fading, Percept. & Psychophys., 3, 1968, 361-363. 
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with a centered 1 x } in. fixation cross. The strobe light (manufacturer's 
specifications: 50 lumen sec/ft? at 4 ft.) was covered with a sheet of white 
paper (luminous transmittance 2376) to reduce luminance. One eye of the O 
was used at a time (the other was covered), alternating eyes every 5 min. and 
reeliciting the AI by flashing the strobe. The distance from strobe to cornea 
(606-644 in; mean 6.28 in.) varied slightly from O to O because of skull-shape 
differences, 

After the strobe was flashed, it was removed from O's line of sight. The O 
was asked to adjust the distance of the stimulus card until his square AI 
projected onto the card appeared to coincide with the square outlined on the 
card. If he could not center the AI in the square figure, he was instructed to 
adjust the distance so that his AI and the square on the card appeared to 
match in physical size. After 5 min. of practice, the main experiment was run, 
consisting of 30 track-setting trials with each stimulus card presented three 


Sli each eye. The order of cards was independently randomized for 
each O. 


Altering background illumination from time to time can improve the visi- 
bility. of an AI and increase its duration. The Os were given practice in this 
Procedure and were permitted to adjust the background illumination in any 
way they wished in order to facilitate their task. 


Results 


: For each O the plot of adjusted physical distance (D) as a func- 
tion of equivalent physical AI size (S) very closely approximated 
à straight line, Pearson correlation coefficients between size and 
distance were high, with no O falling below r = .968, and 13 of the 
20 Os falling at r = .990 or higher. As the square of the r statistic 
Teflects the amount of variance accounted for by a linear relation- 
ship, the high r’s obtained indicated a high degree of linearity. This 
Was further supported by an analysis of linear regression on the 
data for the O with the lowest correlation: deviation from linear 
regression was not significant (F < 1.0). Slopes of individual best- 
At straight lines ranged from 5.74 to 7.26. A 95% confidence inter- 
val for the y-intercept of each O was established; in all cases, the 
MT al around the obtained intercept included zero. The straight- 
me function for the combined data of all 20 Os had a slope of 
ui ed an intercept of .16 in., the 95% confidence interval for 
is intercept including zero. 


Discussion 


In principle, one could use physiological techniques to verify the 


match between the retinal size of an afterimage and of the image 
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of a comparison stimulus, as required in a test of Emmert’s law € 
retinal size. Null-match techniques like those used in the prese 
experiment have O perform the psychophysical equivalent by linin 
up edges in his own visual field. In Equation 2 for a given after 
image, R/K can be considered a constant which is equal, by simpl 
optical geometry, to the size of the inducing stimulus divided by i 
distance from the eye (see Fig. 1), (R/K) = SD, A form 9 
Emmert's law suitable for psychophysics is, then, 


SH physical size) = (S;/D;)D. 


(Emmert's law of retinal size corresponds, strictly speaking, only t 
comparison stimuli, ie. to a physical stimulus which at the givel 
projection distance matches the afterimage.) Equation 3 contain 
the built-in assumption that at the distance of the inducing stimu 
lus, the retinal sizes of afterimage and inducing stimulus are identi 
cal. Such is not necessarily the case. For example, if an afterimag 
is formed by staring at a bright light for many seconds, eye move: 


Because of the above limitations, a reasonable and usable 
form for Emmert's law of retinal size is: 


E. physical size) = aD + b. [C 


In words, all size matches are presumed to lie on a straight line 
when plotted against D. A constant error in assessing eye-to-screen 
distance shows in the data as b s 0, and if a = (S,/D,) then one 
may suspect either the measurement of S/D; or the correspondence 
of the retinal size of the afterimage with the retinal size of th 
inducing stimulus (as in Young, see n. 8). However, Emmert’s law 
of retinal size does not require this correspondence. 

The results of Experiment I closely conform to the approprial 


* But see F. A. Young, Studies of the projected after-image: I, Methodology 
and the influence of varying stimulation times, J. gen. Psychol., 46, 1952, 73-89: 


SF. A. Young, Studies of the projected after-image: III, Projection ové 
large distances, J. gen. Psychol., 47, 1952, 207-212, 
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rearrangement of Equation 4 which makes D the dependent vari- 
able: 


D = (1/a)S — (b/a). [4a] 


The obtained physical distances were directly proportional to equiv- 
alent physical AI size. Furthermore, this relationship held with 
considerable precision for each of the Os, as well as for their 
grouped data. 

Although the obtained intercepts approximated zero, yielding a 
zero value for the constant b/a in Equation 4a, the obtained slopes 
l/a were somewhat greater than would be predicted by 1/a — 
(D,/S). This suggests that our efforts in measuring and controlling 
S, and D, were not sufficiently stringent (see below). Previous at- 
tempts to investigate Emmert’s law of retinal size have assumed 
that confirmation requires agreement of each O's data with Equa- 
tion 3, yet the methodological details discussed above were not 
adequately controlled. 

_ When the physical distance of the projection card is varied, after- 
mages phenomenally appear to expand and shrink, much to the 
Surprise of some observers. The procedure of Experiment I may 
therefore seem to be assessing both perceived AI size and equivalent 
physical AI size. But as earlier remarks stressed, a null-match 
technique is pertinent only to equivalent physical size and is in- 
Sensitive to any concomitant changes in perceived size. Regardless 
of what observers claimed to perceive, when the afterimage ap- 
Peared to coincide with the outline of the square on the card, 
there can be little doubt that the retinal contour corresponding to 
: e Square on the card was superimposed upon the retinal border 
corresponding to the square afterimage. Perceived size and perceived 
E" are irrelevant to the outcome of such superimpositions, 
Xperiment II underscores the point. 


EXPERIMENT II 


eet es Projected their afterimages onto cards placed in the 
Was » is of Experiment I. However, only the surface of the card 
e fi id le to a single eye, a reduction screen blocking the rest of 
alf $ : Mounted on each card was the replica of a postage stamp, 
accer ormal, or double size. It was assumed that if the observer 
Ped the stamps as authentic, then judgments presumed to 
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assess perceived afterimage size would be influenced by stamp size 
while null-match settings would remain unaffected. 


Method 


Subjects. Ten undergraduate and graduate students (men) at the Univer- 
sity of Michigan served as Os, 


Apparatus and procedure. The apparatus from Experiment I was used, with 
modifications and additions (see Fig. 2). The track assembly was offset to the 


background. Using a cord-and-pulley system, O could generate an equilateral 
) of any size up to 14 in. on a side, by changing 
e vanes and exposing more of the angular cutout 


cept for a diamond-shaped orifice (a l-in. square tilted 45°). The 
strobe was removed from the line of sight, and O adjusted the distance of the 
stimulus card, started at a randomly determined position on the track, until 
AI size matched stimulus size as in Experiment I. When O was satisfied with | 


Hes CARD Co 


/ vanes) 

/ 
(SHIELD / 
80.75" 


Fic. 2. Apparatus used in Experiment II 
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bis setting, his left eye was covered, his right eye was uncovered, and he 
raised the room lights to the brightest setting. The O now adjusted the vanes 
to the perceived size of the AI as held in memory. After an initial adjustment, 
he was allowed to take one final look at the stimulus card; if he requested it, 
his right eye was covered and left eye uncovered for 5 sec., Whereupon the 
eye coverings were reversed. Another AI was induced every 5 min. 

The E was especially careful to explain the desired vane procedure; if O 
thought that the AI appeared to be 5 in. on a side at the surface of projection, 
he was to generate a vane opening such that it would be 5 in. when measured 
at the plane of the vanes. To emphasize the instructions, O was given three 
practice trials at generating a diamond which would be the same length on a 
side as a foot rule he had been shown at close range. With O looking on, E 
measured the opening each time with the rule and reported the actual setting 
to O. After this there were three practice trials of the entire experimental 
procedure using a special sample stimulus card. 

Stimuli consisted of smooth-surface rectangular cards 15 x 174 in., on each 
of which was the outline of a diamond (a square tilted 45°) drawn with india 
ink. Four sizes of diamonds were used: 2, 3, 4, and 5 in. on a side. At the 
center of each card was mounted a colored replica of a five-cent postage stamp. 
Each stamp size (half, normal, and double; all produced photographically) 
Was used with each diamond size, making a total of 12 different stimulus 
cards. The thickness of the india-ink outline forming the diamonds was 

ctly proportional to the size of stamp used regardless of diamond size. 
>e sample card for the practice session bore a 33-in. diamond and a normal- 
“ize stamp. This card was first shown to O in his full view and at his arms’ 
length. The E explained that the stamp was put on the card to aid his judg- 
ments; no O expressed suspicion as to the authenticity of this stamp. The O 
Saw the other stimulus cards only through the reduction tube, which did not 
Teveal the edges of the cards. 

Each of the 12 stimulus cards was used four times with each O, the order of 
Presentation of cards independently randomized for each O. An experimental 


Session lasted approximately 14 hr. 


Results 


The data for the track (ie. null-match) settings for each O as 
Jo as for the entire group showed the same precise, linear plot of 
Physical distance and equivalent physical size of AI as was obtained 
2 Experiment, I. Furthermore, these relationships held indepen- 
Pd of the size of the postage stamp at the center of the stimu- 
Ne (see Fig. 3). A repeated-measures analysis of variance (Table 
ates that the effect of diamond size was significant and 
st ounted for over 96% of the variance, while the effect of postage- 

“mp size was not significant and did not account for a measurable 
F portion of the variance. In addition, the linear component of the 

eet of diamond size was significant, whereas the nonlinear com- 
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DIAMOND SIZE (INCHES) 


Fic. 3. Track-setting data of Experiment II. The triples of points show the 
data for each stamp replica, The three straight lines, one for each stamp- 
replica size, are so nearly coincident that only one line is shown. 


ponent was not significant. The interaction of observers and dia- 
mond size was significant, showing that the plots for individual 
Os differed in slope. 

The plot of the composite data for the vane settings as a function 
of diamond size is shown in Fig. 4. For any given stamp size, vane 
settings increased with physical stimulus size. More important, 


TABLE I 


Sources or VARIANCE: EXPERIMENT IIf 


sc—oc-———— T LULU 


Track settings Vane settings 
rmm 
Source df F wt F ot 
Between Os 9 15.36" 0. 163.13* 32.21% 
Within Os 470 M 0-347; 1 
St (Stamp Size) 2 0.08 0.00% 60.57* 29.7070 
St X 0 18 0.61 0.00% 8.37* 4.39% 
Di (Diamond Size) 3 — 1,942.87* 96.08% 47.12* 17.20% 
Linear 1 3,046.51* 56.32* 
Other 2 3.47 0.88 
Di X 0s 27 2.1* 0.2697 4.70* 2.93% 
St X Di 6 0.45 0.00% 2.02 0.60% 
St X Di X Os 54 0.81 0.00% 2.44* 3.44% 
Residual 360 2.82% 9.53% 
Total 479 


—— e Ñ UOU O 


* p <.01, 
T Entries in «w? columns represent percentage of estimated true variance. 
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Fio, 4, Vane-setting data of Experiment II. The dotted lines represent pre- 
dicted values. 


however, the three separate functions that emerged indicated that 
Vane settings increased as postage-stamp size decreased. Inspection 
of the data showed that this relationship held for individual Os, 
With only 8 means of a total of 120 showing misorderings. The 
results of a repeated-measures analysis of variance (Table I) indi- 
cated that the effect of diamond size was significant and accounted 
for over 17% of the variance; the linear component of this factor 
Was the only significant trend. The effect of stamp size was also 
significant, accounting for almost 30% of the variance. The inter- 
action of stamp size and diamond size was not significant, indicating 
that the differences between the slopes of the three lines in the vane 
plot were not significant. 


Discussion 


Our strategy had been to obtain two concomitant measures on 
Projected afterimage and to show that the measures were dif- 
ferentially but predictably influenced by the independent variables. 
or the first measure, the prediction was that the track settings 
(used also in Experiment I) should conform to Emmert’s law of 
em Size and that the data should therefore fit Equation 4a, 
„owing a linear relationship between the physical size of "Mie 
Ond on the projeetion surfaee (S) and the track settings 
necessary to make the afterimage appear to coincide with the 
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diamond on the projection surface (D). The physical size of the 
postage stamp should be an irrelevant variable. Relevant data in 
Fig. 3 and Table I show that all predictions were upheld. 

Young's quantitative data suggested that the retinal size of the 
afterimage is smaller than its predieted value (see nn. 4 and 8). 
Track settings reported here were in the same direction. Although 
(1/a) = D,/S, = 63, the slope for Experiment I was 6.5, and for 
Experiment II 6.7, consistent with the hypothesis that the retinal 
size of the AI is smaller than the retinal size associated with S, 
Afterimage shrinkage is a likely culprit for at least part of the 
discrepancy. The longer an AI is used for testing, the greater the 
shrinkage (see n. 6). All such interpretations of data assume Em- 
mert's law of retinal size to be true and Equation 4a to be the suit- 
&ble formula. 

The second measure, the vane settings, was intended to assess 
perceived size. (Unfortunately there is no technique comparable 
to the precision of the null-match track settings with which to 
measure perceived size.) The vanes were less than 7 ft. away, in 
full view to each observer and with all the cues to size and dis- 
tance usually present in a room. Therefore, as discussed above, it 
can be inferred that vane settings are an adequate indicator of per- 
ceived size. The dotted lines in Fig. 4 are based upon a simplified 
model of perceptual experience which assumes that the postage 
stamps were perceived by the observers as authentic and that the 
perceived distances and perceived sizes of the diamonds/afterimages 
followed in perfect accord. The data of Fig. 4 and Table I show 
that both stamp size and diamond size influenced vane settings; 
the results approximate the simplified model, although the interac- 
tion of stamp size with diamond size should have proved to be 


Inferring the effect of stamp size on perceived AI size requires 
caution, however. The data do allow rejecting the hypothesis that 
stamp Size was an irrelevant cue. This hypothesis would have been 
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were observed by the right eye, both eyes contribute to a percept 
and an observer might still ‘project’? an AI to the surface of the 
vanes to make a null match. (Bringing the room lights to full illu- 
mination during a vane setting was intended to reduce the per- 
ceptibility of an afterimage.) If such null matches were made, then 
both diamond size and stamp size would have been irrelevant 
variables, with observers giving virtually the same vane setting 
each time, as predicted from the law of retinal size (a single 
horizontal line in Fig. 4 at a vane setting of 13.46 in.). On the 
other hand, it could be argued that the three functions in the data 
resulted from a strategy in which the observers estimated the 
length ratio between diamond and postage stamp ('how many 
Postage stamps tall was the diamond?) and then tried to repro- 
duce that ratio by adjusting the vanes relative to the remembered 
size of a postage stamp, a procedure which has features in common 
with null matches. The similarity seems only superficial con- 
sidering the role of perceptual, memory, and cognitive factors not 
found in true null matches. Also, it is not clear how strategies of 
this kind would differ from a ‘purely perceptual effect.” 

s We feel that the observers accepted the stamp replicas as authen- 
tic and that they therefore experienced sizes and distances ap- 
propriate to a physical world which ordinarily would have pro- 
vided such retinal size cues. In any case, Experiment II was not 
intended to submit Emmert’s principle of perceived size to a critical 
test, The simplistic equation of the size-distance invariance hypo- 
thesis was selected primarily for illustrative purposes. (Vane- 
setting data would have to be supplemented with estimates of the 
perceived distance of the projection surface for a test of Emmert’s 
principle.) The main thrust of the experiment was to show clearly 
and unambiguously that different measures of reported size, given 
concomitantly to the same stimulus, provide different data and 
that, therefore, two Emmerts' relationships are required—one tied 
Very precisely to retinal size alone, the other tied only indirectly to 
retinal size. To underscore the two Emmert's relationships and 
their distinction, we conclude with the following counterintuitive 
example. A telescope shrinks afterimages! That is, if an AI is 
Induced normally and then the observer projects his AI through a 
telescope, the equivalent physical size of the AI will shrink in 


fred W. Epstein, Varieties of Perceptual Learning, 1967, Ch. 2, for a discus- 
Of the influence of familiar size on perceived size. 
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proportion to the inverse of the magnifying power of the tele- 
scope (if the telescope does not alter the constant K). Perceived 
size will also tend to shrink, because a telescope compresses per- 
ceived distance. These results are in complete agreement with the 
two Emmert’s relationships. The example also demonstrates why 
the term ‘equivalent physical AI size’ must replace the term ‘physi- 
cal AI size’; a telescope cannot change the retinal size of an Al 
already fixed on the retina. 


EFFECT OF STEREOSCOPIC CUES ON 
PERCEIVED WHITENESS 


Dowarp H. MersHon and Waren C. GocEL, 
University of California, Santa Barbara 


Abstract. It has been found that the introduction of stereoscopic cues be- 
tween an induction object and a test object will reduce the magnitude of the 
simultancous whiteness contrast between the two objects. The present study 
both verified this result and demonstrated that the reduction in contrast 
could not be explained as the direct result of the small directional displace- 
ments that were necessary in order to produce the stereoscopic cue. The re- 
sults from the present study also support the conclusion that the perception 
of depth, and not the stereoscopic cue per se, was the necessary condition for 
the change in the magnitude of the whiteness contrast. 


e ee es 


If a large black disk is presented in a dark surround and is il- 
luminated so that white light falls only on the disk, the disk will 
appear white or whitish gray. If a small object of greater lumi- 
nance than the large disk is placed on the disk, the apparent 
whiteness of the disk decreases. This darkening of the large disk in 
the presence of the small object is known as the Gelb effect. The 
Gelb effect was long regarded as evidence for the view that knowl- 
edge of the conditions of illumination is important in the percep- 
tion of whiteness, with the insertion of the small object into the 
beam of light providing the information necessary for this percep- 
tion. Thus, the Gelb effect was usually considered to be an example 
of whiteness constancy and was believed to be dependent upon 
central rather than peripheral (retinal) factors. Stewart, however, 
demonstrated that the Gelb effect follows the laws of simultaneous 
contrast (a phenomenon usually believed to take place at a periph- 
eral level). Two factors important in simultaneous contrast are 
the frontoparallel (directional) separation of the test object from 
the induction object and the size of the induction object. Stewart 


Received for publication November 3, 1969. The study was supported by 
Grant 1-R01-MH15651-02 from the U. S. Public Health Service. The authors 
Wish to thank John Brendel for his help in collecting the data. 

1 E. C. Stewart, The Gelb effect, J. exp. Psychol, 57, 1959, 235-242. 


55 


56 MERSHON AND GOGEL 


showed that these factors were also important variables in the Gelb 
situation. As expected of a contrast phenomenon, the Gelb effect 
decreased as the small induction object was moved directionally 
from the center of the large disk and also as the size of the induction 
object decreased. It may be concluded, therefore, that the Gelb effect 
is an instance of the operation of simultaneous contrast. 

A recent study by Gogel and Mershon demonstrated that the 
magnitude of the Gelb effect decreases if the stereoscopic cue is 
used to separate the test object and induction object in perceived 
depth.? This finding supports the view that whiteness contrast, as 
exemplified by the Gelb effect, can be modified by central processes 
of neural organization at or beyond the level of organization re- 
sponsible for the stereopsis. 

Whenever a cue to depth is varied to produce variations in per- 
ceived depth, some change in the stimulus conditions must occur. 
It is essential, therefore, in studying the effect of a separation in 
depth on the Gelb effect, to determine that the change in the Gelb 
effect is due to the generation of perceived depth and is not due to 
the change in the stimulus conditions per se. For example, the use 
of the stereoscopic cue to make the induction object appear at a 
different distance than the Gelb disk requires a lateral displace- 
ment of the induction object (in opposite directions in each eye) 
with regard to the Gelb disk. In the study by Gogel and Mershon 
(p. 16), it was argued that this small displacement (a maximum 
of 17 min. of are in each eye) could not account for the obtained 
results. The present study directly tested this factor by comparing 
the results from monocular and binocular observation of the ob- 
jects under the same conditions of physical displacement. It was 
expected that under monocular conditions, the induction object 
would appear at approximately the same distance as the Gelb 
disk due to the action of the equidistance tendency.’ The lateral 
displacement of 17’ would still be present, however, in the ob- 
serving eye. If the results of monocular observation were signifi- 
cantly different from those of stereoscopically disparate binocular 
observation, then the amount of lateral displacement present in the 
disparate binocular condition could not have produced the effect 


2 W. C. Gogel and D. H. Mershon, Depth adjacency and simultaneous con- 
trast, Percept. & Psychophys., 5, 1969, 13-17. 

3 The equidistance tendency is the tendency for objects to appear equidistant 
in the absence of effective cues to depth; see W, C. Gogel, Equidistance tend- 
ency and its consequences, Psychol. Bull, 64, 1965, 153-163. 
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which has been attributed to the stereoscopic separation. To investi- 
gate the generality of the results obtained by Gogel and Mershon, 
a square rather than a small disk was used as the induction object 
in the present study. 

An additional question which this paper sought to answer con- 
cerns the choice of the most appropriate measure for comparing 
the magnitude of the Gelb effect under different conditions. Since 
the basic description of the phenomenon involves the darkening of 
the disk when the small object is introduced into the field, it would 
seem reasonable that the appropriate measure would be one which 
involves a specification of this change. That is, the difference be- 
tween the perceived whiteness of the disk alone and of the disk 
under a condition of contrast should be compared across condi- 
tions. This was the procedure followed by Gogel and Mershon. This 
may not, however, be the most sensitive measure for comparing the 
effects of separations in depth upon contrast. Stewart, for example 
(see n. 1), directly compared the whiteness matches obtained under 
the various conditions of lateral displacement of the induction ob- 
ject. This procedure would be a better measure to use if there were 
factors determining the perceived whiteness of the disk in isolation 
which did not also determine the perceived whiteness of the disk 
under the conditions of induction. At least one such factor seems 
possible. Newson has pointed out that in isolation objects varying 
in reflectance from 18% to 45% all appear as “reasonably good” 
whites (i.e. Os match them by Munsell values > 80).! The data of 
the present study and of the study by Gogel and Mershon were 
examined, therefore, for such ‘extraneous’ factors in the perception 
of isolated objects. 


METHOD 


Apparatus. The apparatus used in the present study, and illustrated in Fig. 
1, was basically the same as that used by Gogel and Mershon. Essentially, 
this consisted of a dimly luminous disk of light (Ai, 79 ftL.) with a diameter 
of 205 cm. (4° 1’) at a constant distance of 284 cm. from O, and a much 
brighter square (As, 156 ftL.) at a distance of either 284 cm. or 197 cm. from O. 


* L. J. Newson, Some principles governing changes in the apparent lightness 
of test surfaces isolated from their normal backgrounds, Quart J. exp. Psychol., 
10, 1958, 82-95. The Munsell values usually associated with a range of reflec- 
tances of 18054595 is approximately N 48/ to N 7.1/, when the samples in- 
volved are presented against a uniform background. 
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The test disk was produced by an aperture (A:) located in front of a homo- 
geneous black paper uniformly illuminated by a hidden fluorescent light (Ih). 
The induction square was produced by a movable aperture (A;) located in 
front of a luminous surface (Ls) which remained at a constant distance from 
O. The surfaces used for the test disk and induction Square were homogeneous 
and were perceived as localized at the distance of the apertures A: and A; 
respectively.5 The E could position A; at either of two distances from O. The 
physical size of the square was different at the two different distances so as to 
subtend a constant visual angle (1° 23’ on a side). The square was directionally 
superimposed on the disk by means of a partially transmitting, partially re- 
flecting mirror (M) that permitted O to see the square and disk simultaneously, 
A schematic front-view drawing of the square and disk, as seen from the 
position of O, is shown in the inset of Fig. 1. Throughout the experiment 
nothing was visible to O except the square and disk; the remainder of the field 
was totally dark. Shutters were arranged so that O could view (either bi- 
nocularly or monocularly) the disk alone or the square and disk simultaneously. 
When the square was at the same distance as the disk, it was directionally 
centered on the disk in each eye. When the square was in front of the disk 
(by 87 cm.), the center of the square was physically displaced to the right or 
left of the center of the disk by 17' in both the left eye and the right eye 
respectively, generating the binocular disparity cue between the two objects. 
"The darkened observation booth contained a head-and-chin rest and a pair of 
artificial pupils (1.0 mm. in diameter), with the lateral separation between the 
artificial pupils adjustable to the interpupillary distance of each O. 


Observers. The 45 Os used in the experiment were college students with & 
stereoacuity of at least 40 sec. of arc and a vernier acuity of at least 20/20 
(both near and far) in each eye as measured with a Keystone orthoscope. The 


front View from 
O's Position 


Fia. 1. Schematic top-view drawing illustrating apparatus and conditions 


* W, Lichten and S. Lurie, A new tech 


nique for the study of perceived size, 
this JOURNAL, 63, 1950, 280-282. * —s "m 
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interpupillary distance of each O was measured with a Mark I Naval Inter- 
pupillometer. 


Procedure. Before being presented the disk or square, each O was taught 
a scale of whiteness, using six Munsell patches along the black-to-white dimen- 
sion The blackest patch was numbered 1 and the whitest 6, with the other 
patches numbered appropriately. After the training period, which took place 
in a separate room, O was taken to the observation booth where he received 
instructions about his task. He was then left in the dark for 5 min. before 
being presented with the first condition of the experiment. For each condition 
of the experiment, the disk was presented alone first, followed after 30 sec. by 
the simultaneous presentation of the square and disk. The judgments of 
whiteness were always made with respect to the disk, never with respect to 
the square. When the disk was presented alone, O indicated its apparent white- 
ness (W^) using the previously learned scale. When the disk and square were 
presented simultaneously, in addition to the W’ of the disk, O indicated 
verbally the perceived distance (D’) of the disk from himself and the perceived 
depth (d’) between the square and disk. 

Three conditions were used. Each condition consisted of the presentation of 
the disk followed by the simultaneous presentation of the disk and square. In 
the condition labeled Binocular-Same, the disk and disk-square sequence was 
presented binocularly with the square and disk physically at the same dis- 
tance from O (Position 1 in Fig. 1). In the Binocular-Different condition, the 
disk and disk-square sequence was presented binocularly with the square 87 
cm. nearer to O than the disk. In the Monocular condition, the disk and disk- 
square sequence was presented monocularly to the right eye, with the square 
physically 87 cm. in front of the disk. Following each disk and disk-square 
Sequence, the O was in complete darkness for 23 min. before being presented 
with the next condition. 

With 15 Os (Group I) the order of presentation of conditions was Binoc- 
ular-Different, Binocular-Same, and Monocular. With 15 other Os (Group II) 
the order of presentation was Binocular-Same, Binocular-Different, and Monoc- 
ular, With the remaining 15 Os (Group III) the order of presentation was 
Binocular-Different, Monocular, and Monocular. The Os were run individually 
in randomly sequenced blocks, with one O from each group in each block. Note 
that the monocular presentations always followed the binocular presentations. 
If this had not been the case, the monocular presentations could have affected 
the subsequent judgments of W’ made under binocular conditions, by producing 
differential states of dark adaptation in the two eyes. With the third order 
of presentation listed above, the Monocular condition was presented twice in 
succession in order to evaluate the possible effect of the order of presentation 
upon changes in W’ within the same condition. 


RESULTS 


The means and standard deviations of the W’, d’, and D’ results 
from two of the three orders of presentation of the different condi- 


*8ee Gogel and Mershon (n. 2), M. 
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tions are given in Table I. The results from the remaining order of 
presentation are shown separately in Table II. In the tables the 
columns labeled Diff. are the average differences between the W 
values shown in the columns labeled Square Absent and Square 
Present, and the standard deviations of these differences. For 
example, in Table I, the average decrease (darkening) in the per- 
ceived whiteness of the disk as a consequence of adding the square 
was .87 units for the first binocular presentation of the disk and 
disk-square sequence when the square was physically 87 cm. nearer 
to O than the disk. 


Analyses of the results of Table I. The d’ results in Table I 
indicate that the stereoscopic cue was effective in the Binocular- 
Different condition in producing a perception of depth between the 
square and disk. A positive d' indicates that the O perceived the 
square in front of the disk and a negative d’ indicates the reverse. 
In both the Binocular-Same and Monocular conditions, the square, 
on the average, was perceived at approximately the same distance 
as the disk. This can be attributed to the zero stereoscopic differ- 
ence in the Binocular-Same condition and to the equidistance ten- 
dency in the Monocular condition, It has been suggested, however, 
that the perceived separation of the two objects, without regard to 
the direction of the separation, is the significant factor in the ad- 
jacency effect on contrast. If the average values of d’ are com- 
puted without regard to sign, the results of the three conditions 
were Binocular-Different, 22.1 in.; Binocular-Same, 2.4 in.; Monocu- 
lar, 9.0 in. These results are significantly different at the .002 level 
using the analysis of variance (treatments x subjects design, F 
= 19.9, df = 2/58).8 

Similar analyses of variance were employed to determine the 
effects of the main conditions on both possible measures of white- 
ness contrast. Generally, the results for both measures were parallel. 
The overall average decreases in perceived whiteness of the Gelb 
disk (Table I) as a consequence of adding the square were Binocu- 
lar-Different, .82 units; Binocular-Same, 1.36 units; Monocular, 
1.18 units. These results differed significantly at the .002 level 
(two-tailed test, F = 8.04, df = 2/58). The overall average 
values of perceived whiteness of the Gelb disk (Table I) under the 


1 See Gogel and Mershon (n. 2), 14-15, 


5 E. F. Lindquist, Design and Analysis of Experiments in Psychology and 
Education, 1953, 156-166. 
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conditions of induction (columns labeled Square Present) were 
Binocular-Different, 2.98 units; Binocular-Same, 2.58 units; Mo- 
nocular, 2.58 units. These results also differed significantly at the 
002 level (two-tailed test, F = 10.2, df = 2/58). The Newman- 
Keuls procedure for making ordered comparisons showed the same 
patterns of significant differences in both analyses. The Binocular- 
Same and Monocular conditions were both significantly greater at 
(at least) the .05 level than the Binocular-Different condition, but 
in neither case was there a significant difference between the 
Binocular-Same and Monocular conditions. 

Comparing the ‘Diff.’ scores of the first vs. the second presenta- 
tions with the effects of stereoscopic separation counterbalanced 
(and thus eliminated), there appears to have been some effect of 
order: 1.25 units for the first vs. .93 units for second. Although 
this difference was not significant (F = 1.66, df = 1/29), it was in 
the direction expected from the results of Gogel and Mershon. 
There was clearly no effect of presentation order in terms of the 
‘Square Present’ data: 2.78 units for first vs. 2.79 units for second. 

The above results permit three conclusions. (1) The main effect 
of the Gogel and Mershon study, demonstrating a decrease in the 
Gelb effect as a consequence of the stereoscopic separation of the 
test object and induction object, is supported. (2) The reduction 
in the Gelb effect as a consequence of the stereoscopic cue cannot 
be accounted for by the slight directional displacement required 
to produce the stereopsis. (3) Both of the methods of measuring the 
Gelb effect seem satisfactory as far as the present study is con- 
cerned, 


Analyses of the results of Table II. The results of Table II are, 
in general, more variable than those of Table I. It will be noted 
that the mean d’ values had approximately the same magnitude 
for all the conditions. If the average values of d' are computed 
without regard to sign, the results of the three conditions were 
clearly similar: Binocular-Same, 14.8 in.; Monocular (second pre- 
Sentation), 15.6 in.; Monocular (third presentation), 17.6 in. If, 
as has been suggested, the perceived separation of the square and 
disk, rather than the stereoscopic cue per se, is the significant vari- 
able in determining the magnitude of the Gelb effect, it follows 
that the degree of whiteness contrast should have been approxi- 
mately the same for these three conditions. In agreement with this 
interpretation, the analyses of variance did not show any signifi- 
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cant differences among the conditions for either measure of con- 
trast. More detailed comparisons (for example, between the two 
monocular conditions) were not warranted in light of this lack of 
significance. It should be noted, however, that the results of Table 
II are consistent with the notion that perceived rather than stereo- 
scopic depth is the important factor in determining the main effect 
of this study. 


DISCUSSION 


The present study confirmed the view that stereoscopic separa- 
tion is a significant factor in simultaneous whiteness contrast. From 
the present data it is difficult to see how the evidence for this con- 
clusion can be attributed to any experimental artifact involved in 
the production of the depth separation by the steresocopic cue. Also, 
the data are consistent with the notion that it is the perceived 
depth between the test object and induction object, rather than 
the depth cue per se, that is significant in determining the differ- 
ences in W'. More evidence is needed, however, before this latter 
conclusion can be accepted with confidence. The remainder of the 
discussion centers on (a) a consideration of the most appropriate 
measure to be used in reporting contrast in the Gelb situation and 
(b) a brief review of some other studies relevant to the same or 
similar phenomena, 


Considerations of measurement. In the present experiment the 
results were basically the same regardless of which of the two 
measures of whiteness contrast was used. There was, however, à 
tendency (nonsignificant) for the ‘Diff.’ scores of second presenta- 
tions to be somewhat less than the ‘Diff.’ scores of first presenta- 
tions. This tendency was not present. when considering only the 
data from the conditions of induction (‘Square Present’). Since 
Gogel and Mershon found a significant effect, of presentation order 
(first vs. second vs. third) using ‘Diff, scores, it is of interest to 
determine whether the same effects of order are present in the data 
of that study when the W’ data of the conditions involving the 
induction object are compared directly. The results of this com- 
parison are: first presentation, 2.94 units; second presentation, 
2.95 units; third presentation, 3.01 units. These values are not 
significantly different by the analysis of variance (treatments X 
subjects design, F = .483, df = 2/118). Thus, the Gogel and 
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Mershon experiment found a significant effect of order of presenta- 
tion on whiteness contrast only if the ‘Diff.’ data is considered. 
This result, in combination with the tendency found in the present 
study, suggests that some factor associated with order of presenta- 
tion was present in both studies to affect the perceived whiteness 
of the Gelb disk when presented alone, but not when presented 
simultaneously with an induction object. The effect of this factor 
seems to be one of preventing the isolated disk from regaining its 
initial appearance of whiteness following a condition of contrast. If 
this analysis is correct, then the average perceived whiteness of 
the test disk when the induction object is present is a better measure » 
for comparing the effects of the conditions of apparent depth 
Separation than is the difference score. When the former measure 
is used to compare the effects of the three conditions of binocular 
separation of the Gogel and Mershon study (see their Table I, all 
presentations, columns labeled Small Dise Present), the results are 
significant at the .002 level (two-tailed test, F = 8.34, df = 2/118). 

It is not possible, of course, from either the Gogel and Mershon 
study or the present one, to identify the factor that is affecting the 
Perceived whiteness of the isolated object as a function of the 
number of presentations. One possibility lies in the fact that in 
both studies, 5 min. of dark adaptation preceded the first presenta- 
tion, whereas only 2} min. of dark adaptation preceded subsequent 
Presentations. What is significant is that the factor involved did 
not operate directly upon the perceived whiteness of the disk under 
the conditions of induction. The importance of this finding is clear 
for the results of the present study, in which it was necessary al- 
Ways to present the Monocular condition following the binocular 
Ones. Using the ‘Square Present’ data, the Monocular and binocu- 
lar conditions can be compared without difficulties of interpretation 
arising from the unbalanced orders of presentation. Such compari- 
sons show that, for Table I at least, the Monocular condition was 
Clearly more similar to the Binocular-Same condition than to the 
Binocular-Different condition. 


. Related studies. Although the present work developed from an 
Interest in extending the applications of the adjacency principle, 
" is important to note that there have been earlier references to 
Similar phenomena. Koffka, for example, discussed the question of 


1908 ias ooo" Size cues and the adjacency principle, J. ezp. Psychol., 70, 
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the critical configurational variables in the perception of whiten 
in terms of ‘appurtenance,’ ie. the Gestalt notion of “belonging 
ness.’ Basically, he believed that the relationships most impo 
tant in determining the perceived whiteness of an object are th 
relationships between the object and those other objects wh 
most “belong with it." He remarks: “Clearly, two parts at the san 
apparent distance will, ceteris paribus, belong more closely 
gether than field parts organized in different planes" (p. 246| 
Although it may be true that more adjacent objects ‘belong’ to 
gether more than less adjacent objects, it is believed that tl 
adjacency principle offers a more definitive explanation of the phi 
nomenon than the concept of ‘appurtenance,’ in that the adjacent 
principle is tied more readily to measurable perceptual variables 
Wolff was concerned with showing that under certain conditions 
with a three-dimensional stimulus configuration, no effects of n: 


when the test patches were attached to stands set 105 cm. in fron t 
of the backgrounds. When the test patches were suspended from 
thin threads rather than being attached to the stands, he noted 
that the test patches were sometimes localized against the back 
ground and at other times in front of the background. Effects whieh 
may be attributed to contrast occurred only when the test patches 
appeared in the plane of the background (pp. 95-96). Unfor 
tunately, Wolff presented no quantitative data on the perceived 
separations of his test patches and backgrounds. From his dese 
tion of the apparatus, however, it ean be calculated that the physi- 
cal separation resulted in a binocular disparity of approximately 
1° 20’. This is above the limits for fusion. It is difficult to evaluate 
the effect upon perceived whiteness of the resulting double images. 
and large lateral displacements of the images in each eye. 
Recently, Coren has concluded that a surface will be more 
fected by contrast from its surround when the surface is perceiv 
as a figure and the surround as background, than when the reverse 
occurs? To ensure that a particular portion of his configuration 
was perceived as figure, Coren sometimes used a steroscopic cue t0 


S AN zmage As Psychology, 1963, 246-247, 260. 

1 o eber die kontrasterregende Wirkung der transformie 

Farben, Psychol. Forsch., 18, 1933, 90-97. S ae 
12 8, Coren, Brightness contrast as a function of fi d relations, 

- Psychol., 80, 1969, 517-524. — EN : 
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displace the portion in depth from the background. Unfortunately, 
Coren did not measure perceived separation. Unless 'figureness' 
differs quantitatively as a function of the magnitude of stereo- 
scopic separation, it is difficult to see how Coren's formulation 
would predict the present graduated results. Also, in both the 
current study and that of Gogel and Mershon, the object which 
was observed to undergo the effect, of contrast was the farther and 
larger object, i.e. the object which should have been generally seen 
as the background. 


AGREEMENT AMONG SUBJECTS IN CHOOSING 
TRIGRAM LABELS FOR RANDOM SHAPES 


Bornuarp KEMPLER, Georgia State University 
and Hersprt KaYLE, Emory University 


Abstract. Fifty-three undergraduates chose ‘names’ for 10 unfamiliar shapes 
from a list of five CVCs. Both the shapes and the CVCs were constructed 
and selected randomly, Each shape was singly presented 10 times for labeling. 
Results showed that a majority of the subjects were consistent (nonrandom) 
in selecting labels for the shapes and that there was significant between-subject 
agreement on how seven of the shapes should be named. The shapes were 
Seen as opposites on a dimension and two of the CVCs were used as appro- 
priate labels for the poles of this dimension. A representational theory of 
reference, based on perceptual similarities between label and referent, is pro- 
posed as a possible explanation of the results, 


SS SS SES eee 


Members of the same language community show considerable 
agreement in choosing the appropriate connotation for a nonsense 
syllable from such dimensional opposites as ‘large-small,’ ‘dark- 
bright,’ ‘hot-cold,’ and so forth.) This has been interpreted as sup- 
port for the hypothesis of phonetic symbolism—the hypothesis 
that there is “an intrinsic correspondence between sounds and 
meanings."? Whether such correspondence is based on broad lan- 
guage-dependent associations, on correlations among sense data 
actually present in the world, or on individuals’ ability to discover 
perceptual similarity between vocal sounds and various attributes 
of referent objects, remains an unresolved issue.? Some investiga- 


ses. 

1 R. Brown, Words and Things, 1958; I, K. Taylor and M. M. Taylor, An- 
other look at phonetic symbolism, Psychol. Bull., 64, 1965, 413-427. 

2I. K. Taylor, Phonetic symbolism re-examined, Psychol. Bull, 60, 1963, 
200-209. 

2 These suggestions were made, respectively, by Taylor and Taylor (see n. 1 


above), by Brown (see n. 1), and by H. Werner and B. Kaplan, Symbol Forma 
Lion, 1963. 
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tors have, however, argued that the demonstration of phonetic 
symbolism may itself depend on the fact that the subjects were 
provided with a judgment dimension. Others have held that a 
meaningful referent (e.g. ‘large table-small table’) may also be 
required for agreement among subjects. Consistent with either set 
of assumptions has been the practice of requiring subjects to match 
pairs of items, one contrasted phonetically, the other contrasted on 
some sensible dimension expressed as a pair of familiar antonyms 
like those above. 

Could consistent sound-referent matching be obtained under 
other and less restrictive conditions? More specifically, could sub- 
jects agree in their selection of conventionally meaningless sounds 
as names for novel and unfamiliar referents, in the absence of a 
particular judgment dimension? In the present study, undergradu- 
ates labeled random shapes with ‘names’ from a randomly selected 
finite list of nonsense trigrams. Instead of matching contrasted 
pairs of items, they selected one of five possible names for 10 
different shapes as each of these shapes was separately presented 
(10 times) for labeling, The main question was whether within- 
and between-subject agreement would indeed occur when (1) mo 
bipolar judgment dimension was provided or intentionally repre- 
sented in the stimuli, (2) referent terms were presented one at a 
time rather than by the traditional paired-comparison procedure, 
and (3) neither the referents nor the vocal sounds had a conven- 
tional meaning. 


METHOD 


Stimuli. "The stimuli were 10 random shapes and five CVC trigrams. The 
‘random shapes were solid black polygons with straight sides, constructed by 
Attneave’s Method I and using an 80 X 80 matrix and 12 initial points.? They 
Were then photographed on Kodachrome film and presented on standard 35- 
Tm. transparent slides. The CVCs were generated by successive random draw- 
ings of a consonant, a vowel, and a consonant, eliminating those combinations 
Which were actual or phonetically real words in English. The five CVCs used 
in the study were HAB, SUD, BIZ, ZEQ, and TUS. 


* E.g. R. Brown and R. Nuttall, Method in phonetic symbolism experiments, 
: abnorm. soc, Psychol., 3, 1959, 441-445. : 
e J. H. Weiss, The role of stimulus meaningfulness in the phonetic sym- 
oSm response, J. genet. Psychol., 70, 1964, 255-263. 
F. Attneave and M. D. Arnoult, The quantitative study of shape and pat- 
tem perception, Psychol. Bull, 53, 1956, 452-471. 
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Subjects. The Ss were 87 men and women enrolled in three different under 
graduate psychology courses. The experiment was administered separately to 
each class, 


Procedure. The Ss were seated in rows facing a projection screen at the 
front of the room. Each was given an answer booklet consisting of 100 items, 
each item being a random sequence of the five CVCs typed in capital letters. 
A cardboard template with a window was placed over the page to cover all 
items except the one on which S was working. The purpose of the template: 
was to make S's response on each item as independent as possible of every 
other and to guard against the possibility of his copying from other Ss. 

The 10 random shapes were projected one at a time at a constant rate on 
the projection screen by a Kodak 800 Carousel projector. Each shape was 
presented 10 times in random order for a total of 100 presentations, with the 
restrictions that the same shape never be presented twice in succession and 
that each shape appear five times in the first half and five times in the second 
half of the series. Each presentation of each slide was for 15 sec., 8 sec, or 5 
sec. respectively for the three groups of Ss. Before the first slide was presented, 
E verbally gave these instructions: 


“This is a study. of the process of naming. You have each been given am 
answer booklet and a cardboard template. Place the template over the 
booklet so that only item number 1 is visible. Listen now and I will pro- 
nounce the five syllables for you. [E then twice pronounced the five syllables 
slowly, with the following pronounciation: HAB—haeb ; SUD—s/\d; BIZ—biz; 
ZEQ—zek; TUS—t/As There are 100 items in this booklet, each consisting 
of these five syllables. 

“On this screen I will show you, one at a time, 100 unfamiliar shapes. Your 
task is to select an appropriate name for each shape from the five syllables in 
your answer booklet. I would like you to adopt the attitude that this is & 
meaningful task and that you are assigning unfamiliar names to unfamiliar 
objects in such a way that the names seem right and appropriate to you. The 
shapes will be shown at a constant rate. Choose a name for each shape even 
when you feel unsure. Don’t skip any.” 


On completion of the task, Ss were asked to write down as best they could # 
brief account of the basis for their choices, 


RESULTS 


It soon became clear that a number of protocols could not be 
used because the Ss had got ‘out of step’ on the shapes and the 
answer-sheet items: when the last figure was presented, these $$ 
had either used up all their response items or had more than one 
left over. Since there was no way of determining where S had 
skipped, the protocols were considered invalid. The protocols for 
Ss who had stayed ‘in step’ but had failed to make a labeling choice 
for one or more items were also thrown out. This resulted in a total 
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of 53 valid protocols. Since many invalidated protocols occurred 
in the group that got the 5-sec. presentations, apparently because 
of time pressure, it was decided to ignore the duration of presenta- 
tion and to collapse the three groups in the data analysis. 

Given 10 trials for each shape and five trigrams to choose from, 
the binomial probability of selecting one of the trigrams six or 
more times is .006. Using this probability level as the criterion for 
consistent (i.e. nonrandom) labeling, the number of Ss reaching this 
criterion for each shape was computed. These data are presented in 
Table I, which shows that Shape I, for example, was consistently 
labeled BIZ by 1 S, HAB by 25 Ss, SUD by 10 Ss, TUS by 5 Ss, 
and ZEQ by 5 Ss, for a total of 46 Ss (of 53) who consistently chose 
one of the trigrams as a label for Shape I. On the other hand, only 
20 Ss found appropriate labels for Shape VI. The mean number of 
Ss per shape showing consistent labeling was 34 of the total sample 
of 53. Using the somewhat less stringent criterion of selecting the 
same trigram five or more times (a probability of .03), the number 
of Ss showing consistent labeling increases to a mean of 41 per 
shape. 


TABLE I 


NUMBER or SUBJECTS SELECTING TRIGRAMS AS LABELS ON Six OR 
More or TEN PRESENTATIONS OF EACH SHAPE 


Shape BIZ HAB SUD TUS ZEQ N x p 
1^4 l1.. 98. 100 CBE DES Ome OL 
Di 6 L4 SSS isles Ba 
mS 9 1. 9. 4 91095 22825 22 EOT 
AN 4 3) NES 20 34 193 .01 
$ 5 it Sie 31 94 NS 
| 4 y" "umi 20 53 NS. 
BY a> uti A 1 29 13.5 01 
"E & 3-*- v A SUE 
URS 4 1 2 6 20.5910 8:59 01 
» A" Ogg 5b -37 Bi 08 


b Note: N = 53; the probability of selecting the same trigram on six or more 
10 presentations is < .006. 
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To determine the degree of agreement among the Ss, chi squares 
were computed separately for each of the shapes.” These results are 
also shown in Table I. For example, a significant (p < .01) number 
of Ss agreed that Shape VII should be called a ZEQ and that 
Shape I should be called a HAB. 

Inspection of the data in Table I suggests that the seven shapes 
showing significant agreement were labeled either HAB or ZEQ 
by the largest number of Ss. Furthermore, there was a noticeable 
trend for these two trigrams to be in a trading relationship with 
each other: shapes labeled ZEQ (III, IV, VIII, IX) tended not to 
be labeled HAB, and shapes labeled HAB (I, VII, X) tended not 
to be labeled ZEQ. These trends suggest that Ss polarized at least 
seven of the shapes on some dimension and were able to discover 
in the trigrams HAB and ZEQ an appropriate connotative ‘fit’ with 
the poles of this dimension. 

Two informal follow-up studies were performed (1) to ascertain 
whether the random shapes did contain a perceptual basis for 
bipolarization and (2) to obtain a description of the ‘fit’ between 
HAB and ZEQ and the perceptual dimension. In the first study, the 
seven shapes which had produced significant between-subject agree- 
ment were presented to 10 new Ss with the instructions: “Put these 
shapes in two piles; put those together that belong together." In 
every instance Ss placed the HABs (Shapes I, VII, and X) in one 
pile and the ZEQs (Shapes III, IV, VIII, and IX) in the other. 

In the second study, the three HABs and three ZEQs (Shape VIII 
having been eliminated from the ZEQs to avoid possible effects of 
unequal numbers) were presented on mimeographed sheets; the 
HABs were placed together in one box and the ZEQs in another. 
The trigrams HAB and ZEQ were typed, one below the other, in the 
center of the sheet, followed by these instructions: 


"Here are two sets of shapes and two possible names for them. Pronounce the 
names to yourself first. Then choose the name that you feel is more ap- 
propriate for each set of shapes, Use any criterion of appropriateness yoU 
like or just go ‘by feel.’ Indicate your choice by drawing a line from the name 
to the box with the shapes. [Further down on the page:] State in your own 


words what makes your choice of names for the shapes seem appropriate t0 
you." 


* The expected frequencies for the chi-square computations were corrected 
for slight, response biases in the overall frequencies of usage of the five tri- 
grams, 
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A total of 49 new undergraduate Ss filled out these sheets. Of 
these, 37 responded in the expected direction by choosing HAB 
for Shapes I, VII, and X, and ZEQ for Shapes III, IV, and IX. The 
probability of this occurrence is less than .01.5 The most frequently 
stated rationale for the choices was in terms of perceived similarity 
between shapes and labels. Thus, 28 of the 37 Ss assigned HAB 
to Shapes I, VII, and X because they perceived both the shapes 
and the label as “solid,” “stable,” “bulky,” or “soft,” while ZEQ 
and Shapes IIT, IV, and IX were perceived as "sharp," "light," 
“unstable,” and “thin.” That these dimensional eategorizations have 
their measurable physical correlates in the stimuli is confirmed by 
the unit-area/squared-perimeter ratios (‘density’) of the shapes: 
037, .026, and .024 for Shapes I, VII, and X, and .013, .018, and 
013 for Shapes III, IV, and IX. Ss responding in the opposite di- 
tection gave a greater variety of rationales, including remote as- 
sociations with conventional words or objects and similarity be- 
tween shapes and letters. 


DISCUSSION 


The results show that even with the most randomly selected 
materials, and in the absence of either meaningful referents or 
Suggested dimensions, individuals consistently consider some sounds 
More appropriate than others as names for unfamiliar stimuli. Fur- 
ther, considerable agreement among subjects can be obtained for 
some label-referent. combinations. This finding appears to contrast 
with previous interpretations (see nn. 4 and 5) which suggest that 
subjects need to be given a common referent for agreement to occur. 
: It might be argued that the consistent label-referent matching 
in this study could be an artifact of presenting each shape 10 times 
—that after his first choice of label for a particular shape, the 
individual could remember which label he used and respond with 
it again on later presentations of the same shape. However, their 
comments indicated that few subjects were aware that the shapes 
Were being repeated. And even if they all knew this, recalling 
Which of five labels was previously selected for which of 10 figures, 
all of them being presented in random order and at a rapid rate, 
Would appear a remote possibility to account for the degree of con- 


8 Normal approximation of the binomial with large samples; see S. Siegel, 
onparametric Statistics for the Behavioral Sciences, 1956. 
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sistency found in the data. Most importantly, while some consis 
tency within each subject’s responses might be attributed to mem 
ory on later trials, the agreement among subjects cannot b 
explained in this way, since agreement on later trials would have ti 
be based on even greater agreement on the very first trials. 

How can randomly constructed and selected materials produ ce 
reliable and consistent label-referent combinations? One possible 
explanation is in terms of an associative-probability theory. At 
cording to this general view, associates are covertly produced to 
both the CVCs and the random shapes. In those instances where 
the associations converge, a mediational link is provided and the 
CVC is chosen as the appropriate label. Subsequent. presentations 
strengthen the initial association. From this hypothesis one might 
expect that the CVCs with the highest association values would be 
used most frequently and consistently as labels. However, of he 
five CVCs HAB and ZEQ have the lowest Glaze association values? 
In the more recent list published by Archer HAB is 64% while 
ZEQ is 15%, this latter being the lowest association value for the 
.five CVCs used in the study. The lack of relationship between 
association value of a trigram and its consistent use as a label 
agrees with previous findings that agreement among individua 
assigning nonsense syllables to referents was not related to ” 
(meaningfulness as high association value). 

An alternative explanation of the findings is provided by 
representational theory of reference, which holds that the pro 
of naming involves an attention to and utilization of perceptu 
similarities between vehicle, i.e. vocal sound, and referent.!? Wi 
man has demonstrated that subjects can invent onomatopoeie words 
to represent novel sounds and that such inventions show both 
within- and between-subject consistency.1 Onomatopoeia was nob 
involved in the present study, but the representational theory: 
maintains that dimensions of perceptual similarity can be found — 
across perceptual modalities as well as within the same modalities 
Consequently, various characteristics of vocal sounds (e.g. pal 


: AS J. Underwood and R. W. Schulz, Meaningfulness and Verbal Learning, 


19 E, J. Archer, Re-evaluation of the meaningfulness of all possible cvo. 
trigrams, Psychol. Monogr., 74, 1960 (No. 497). > 
11 Weiss (see n. 5); B. G. Rosenberg, P. Badia, and J. Langer, A representa- 


tional assessment of meaningfulness, Psychon. Sci., 1, 1964, 263-264. 
12 Werner and Kaplan (see n. 3). 


18 Quoted by Brown (see n. 1). 
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tern, mode of articulation) can be used to represent attributes of 
objects. 

The associative-probability and the representational theories 
need not be mutually exclusive. Indeed, several subjects in the pres- 
ent study made use of converging associations to create the ‘appro- 
priate’ linkage. Thus, one called Shape X a HAB because *HAB 
made me think of ‘habla’ [speak] and that shape looks like an 
open mouth." Nevertheless, the predominant rationale referred to 
shared attributes in the shapes and the labels. Thus, one subject 
stated that “HAB is a heavy-sounding word and these shapes seemed 
heavier,” while another wrote that “the objects in the first box 
seem fuller and HAB seems to have more body.” 

A representational theory of reference does not deny that in 
conventionalized and tightly organized symbolic systems, as in a 
language, the relationship between the symbol and its referent is 
nearly arbitrary. Well-practiced users of such a system may well 
Propose meanings for novel sounds or names for novel referents 
through association with already familiar sound-referent combina- 
tions. However, the theory does maintain that humans have a 
symbol-generating capacity which is based on perceived similarities 
between the symbol and the referent. This capacity is more evi- 
dent in young children, who do not yet make use of a comprehensive 
and overlearned conventional language system. It can also become 
operative when older subjects accept a naming set in a situation 
which minimizes the opportunities for language-based associa- 
tions, Such appears to have been the case in the present study. With 
both the ‘naming’ and the ‘referent’ materials random and un- 
familiar, and in the absence of a conventional reference point or 
verbal-judgment dimension, most subjects were able to polarize 
both the shapes and the CVCs along some dimension of perceived 
Similarities. It is clear from their comments that many of these 
subjects saw their chosen labels as descriptive of the referents 
Tather than as something of which they were reminded by an asso- 
lative chain, 


KNOWLEDGE OF RESULTS AND ITEM ASSOCIABILITY 
IN PAIRED-ASSOCIATES LEARNING 


Larane Masters, University of Illinois 


Abstract. The effects of percentage of knowledge of results (KR) asd 
amocinbility of items were investigated in the acquisition and extinction of 
paired associates, Two levels of each of these variables were factorially com- 
bined to produce four treatment groups of 24 undergraduates each. Both 
— affected acquisition: 50% KR groups took longer to reach criterion 


criterion than did high-associability groups. Withdrawal of knowledge of tt 
sults produced an increase in correct responses over trials for all groups 
Natural language mediators were recorded and shown to facilitate accuracy 
during acquisition. Both acquisition and extinction were characterized by & 
dropping out of these mediators, 


As a result of the attempt to subsume human learning under the 
already established paradigms of animal learning, knowledge of 
results has been assumed to operate as does empirical reinforce- 
ment, and much of the experimental work on the knowledge of 
results in paired-associates learning has attempted to deal with 
this independent variable by extrapolating from the techniques of 
animal learning. An examination of the evidence, however, indicates 
that the data obtained with animals are considerably different from 
those obtained with humans, for although acquisition proceeds 
more rapidly with both animals and humans under a schedule of 
100% reinforcement than under one of partial reinforcement, re- 
sistance to extinction does not seem to be any greater for partially 
reinforced than for continuously reinforced humans. This finding 


Received for publication July 25, 1969. The paper is bused on a thesis sub- 
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1 A. E. Goss and E. J. Rabaioli, Response strength in a modified Thorndikisn 
multiple-choice situation as a function of varying proportions of reinforcement, 
J. exp. Psychol., 43, 1952, 106-114; A. E. Goss, C. H. Morgan, and 8. J. Golin, 
Paired-associates learning as a function of percentage of occurrence of response 
members (reinforcement), J. exp. Psychol., 57, 1959, 96-104. 
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with the partial reinforcement effect (PRE) shown to 
y both to animal-conditioning and to simple human-condition- 
‘situations. Furthermore, some investigators have found that 

Irawal of knowledge of results during paired-associates learn- 
ds not to extinction but rather to a continued increase of 
strength over trials in which no knowledge of resulta is 
1? This effect has been called subjective or self-reinforee- 


cent work has also demonstrated that the learning of paired 
ates is behaviorally more complex than it was once 
e. As Battig has pointed out, humans use coding and grouping 
es even in paired-associates tasks where extensive efforts 
fe been made to eliminate cues for such coding? Natural lan- 
mediators—early investigated and recently defined as im- 
verbal chains imposed by the subject between stimulus 
“response'—have also been shown to be facilitative both in 
isition® and in retention® of paired associates. 
ixperiments which have manipulated percentage of knowledge 
Tesults as an independent variable have not been concerned with 
ural language mediation. This experiment attempted to integrate 
two areas by investigating the percentage of knowledge of 
ilts and the associability of items in the acquisition and extinction 
ed associates. The manipulation of item associability was 
Signed to affect the formation of natural language mediators, 
Ih high associability leading to greater mediator formation than 
Associability. 


J. Richardson, The relationship of stimulus similarity and number of re- 

es, J. exp. Psychol., 56, 1958, 478-484; P. D. Eimas and D. Zeaman, Re- 
speed changes in an Estes paired-associates “miniature” experiment, J. 
mn. verb. Behav., 1, 1963, 384-388; J. Richardson and M. 8. Gropper, 
ming during recall trials, Psychol. Rep., 1964, 551-560. E n 
F. Battig, Evidence for coding processes in "rote" paired-associate 
g, J. verb. Learn. verb. Behav., 5, 1966, 177-181. - 

Reed, Associative aids: I, Their relation to learning, retention, and 
T vp Psychol. Rev., 25, 1918, 128-155; J. A. Adams, Human 
Reed (sce n, 4); H. O. Kiess and W. E. Montague, Natural language 
“ation in paired-associate learning, Psychon. Sci. 3, 1965, 549-550; A. R. 

n and W. D. Rohwer, Verbal mediation in paired-associate and serial 
J. verb. Learn. verb. Behav., 1, 1963, 346-352. " 

Montague, J. A. Adams, and H. O. Kiess, Forgetting and natural 
ge mediation, J. exp. Psychol., 72, 1966, 829-833; F. J. Boersma, R. C. 
» and J. E. Carlson, Effects of reporting associative strategies on the 
On of paired associates, Psychon. Sci., 5, 1966, 463-464. 
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METHOD 


Design. Two levels of of each of two factors—percentage of knowledg 
results (KR) and associability of pairs in the lists to be learned by the 
ticipation method—were factorially combined to yield four treatment grot 
Group L 50 received 50% KR, low associability; Group L 100 received 
KR, low associability; Group H 50 received 50% KR, high associability; 
H100 received 100% KR, high associability. Each list contained 10 
associates, CVC pairs selected from a larger pool of items used by Moi 
and Kiess, who scaled the pairs for the number of natural language med 
(NLMs) they elicited and determined an associability value from the p 
tions of Ss giving an NLM to the pair? In the present study, the items 
high-associability list had a mean scale value of 91.3%; it was 20.2% f 
items on the low-associability list. 

The experiment was divided into an acquisition and an extinction 
Extinction procedures were the same as those used in acquisition excep 
all KR was withdrawn for all groups. In both acquisition and extineti 
recorded the accuracy of each response as well as whether or not an 
was used to recall that response. Four orders of list presentation were 
Half of the Ss in each group started acquisition with Order 1 and half s 
with Order 3. The beginning order of extinction for each S was the one that 
not been used for the start of acquisition. The determination of order of it 
was random with the stipulations that no item appear in the same p 
more than once and that no item precede or follow any other item n 
than once. 

The KR contingencies for the two 50% KR groups were the same. 
were randomly determined with the qualifications that the 50% level of 
be kept within each order and for items across orders and that no more i 
three items in succession receive or not receive KR. 


Procedure. The Ss were instructed on the use of the anticipation me 
modified to permit the reporting of NLMs as well as responses. The Ss Y 
told to report any mediator they had used immediately after they had 
the response and before KR was presented. If no mediator had been used, § 
were told to say ‘none.’ Acquisition proceeded to a criterion of 6/10 correct f 
the L groups and 5/10 correct for the H groups. (A pilot study had indi 
that Ss getting the items from the high list learned so quickly that if they 


equivalent to the L groups in their final performance level.) If S did 
reach criterion in 18 trials, the extinction phase was initiated nonetheless 


acquisition was complete, S was given a brief rest and then 18 trials 
tinction were run. 


"s 
e 
A 


* W. E. Montague and H. O. Kiess, The associability of CVC pairs, J. 
Psychol., 78, 1968 (No. 2, Pt. 2), 1-23. 
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Apparatus. The stimuli were presented by & Kodak Carousel projector. 
Two successive slides made up a presentation on a trial. The first slide was the 
stimulus alone for anticipation, and the second slide had the S-R pair for a 
reinforced trial or a blank slide for a nonreinforced trial. The presentation rate 
was 4:4. The projected letters were approximately 3 in. high. The S sat 41-5 
ft. away from the wall on which the letters were projected. 


Subjects. Ninety-six undergraduates (24 women, 72 men) in an introduc- 
tory psychology course served as Ss. In each of the four treatment groups, 6 
women and 18 men served as Ss. Within this restriction, Ss were generally 
assigned to successive treatment groups in order of their appearance in the lab. 


RESULTS 


Acquisition. The number of trials to criterion was the number of 
learning trials it took S to get 6/10 correct (or 5/10 correct for the 
H groups) on one trial. If S did not reach criterion after 18 trials, 
his score was determined by adding one trial for every item fewer 
than criterion; e.g. an S in an L group who had 4/10 instead of 
6/10 correct on Trial 18 would have a score of 20. Ten Ss in the 
L 50 group had their scores corrected in this manner: four Ss had 
5/10 correct; three Ss had 4/10 correct; two Ss had 3/10 correct; 
and one S had only 2/10 correct. In the L100 group, two Ss did 
not reach criterion: both had only 3/10 correct and, thus, scores 
of 21. No corrections were needed for any S in either of the H 
groups. An extra trial was also added to the scores of those Ss 
in the H groups who reached only 5/10 correct, in order 
to more closely equate those groups with the L groups who 
went to a criterion of 6/10 correct. Table I presents the means of 
humber of trials to criterion for the four groups. The H groups 
took fewer trials to criterion than did the L groups. The 100% 
KR groups took fewer trials to criterion than did the 50% KR 


TABLE I 
Means ror THREE PERFORMANCE MEASURES IN ACQUISITION 


Mean Percentage 
Trials to percentage items 

Group criterion correct mediated 
L50 27.9 

15.4 24.7 . 

L 100 12.7 27.2 24.6 
H 50 3.8 46.6 39.6 
H 100 2.6 57.7 37.1 


—— 55,25. "Apc 
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groups. A 2 X 2 fixed-factors analysis of variance indicated sig- 
nificance for associability value [F (1, 92) = 216.44, p < .001] 
and for percentage KR [F (1, 92) = 6.84, .025 > p > .01], but 
not for their interaction. A calculation of o? indicated that the 
associability value of items was by far the strongest factor for this 
variable, accounting for 6896 of the variance. 

The mean percentage of items correct (computed by dividing 
the total number of correct responses over all trials by the number 
of opportunities to be correct over all trials; converting that quo- 
tient into percentages; and averaging the percentages within groups) 
was, it should be pointed out, uninfluenced by the addition of 
trials to the scores of Ss who did not reach eriterion in 18 trials: 
the number of opportunities to be correct could never exceed 
180 (18 trials X 10 items per trial) no matter how many trials 
were added to the scores. It is interesting, therefore, that the results 
for mean percentage correct (Table I) indicate much the same 
thing as did the trials to criterion. Percentage KR had some effect, 
since mean percentage correct was lower for the 50% KR groups 
in both the H and L conditions. Once again, however, associability 
value seemed to be a stronger factor. An analysis of variance sub- 
stantiated these observations: associability value [F (1,92) = 
178.99, p < .001] and percentage KR [F (1,92) = 12.87, p < .001] 
p significant, as was their interaction [F (1, 92) = 4.07, .05 p > 
025]. 

A measure of whether each item was mediated or rote was 
obtained for each item for each trial. An item was defined 88 
mediated if it had a mediator on any trial, regardless of the number 
of times the mediator reappeared thereafter. Table I presents the 
mean percentage of mediated items for each group. The H con- 
ditions had a higher percentage of mediated items than did the b i 
conditions, and for both these conditions, Ss receiving 50% KR 
had a slight tendency to mediate more than Ss receiving 100% 
KR. Associability value was found to have a significant effect 
[F (1, 92) = 5.65 .05 > p > .025], but neither percentage KR nor 
its interaction with associability value was significant as tested by 8 
2 x 2 fixed-factors analysis of variance. 

Additional information on the use and function of mediators in 
the acquisition phase was obtained by classifying responses as t0 
whether they were first correct before a mediator was reported, 
first correct at the same trial that a mediator was first reported; 
or first correct after (or never correct even after) a mediator was ^ 
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reported (Table II). For all four groups, the large majority of 
responses was correct for the first time when a mediator was first 
reported. Also, for all groups, an item that had a mediator had a 
much higher probability of being correct on criterion than one 
that did not have a mediator. For the Ss who mediated, the per- 
centage of mediated items incorrect at criterion was 10.2%. The 
percentage of rote items incorrect at criterion was 54.4% over all 
Ss. 


TABLE II 


PrncENTAGES or Responses First Given CORRECTLY BEFORE, DURING, OR 
Arter A Mepraror Was First REPORTED FOR AN ITEM 


Group Before During After 
L50 24.2 68.2 7.6 
L 100 28.6 64.3 7.7 
H 50 19.7 75.5 5.3 
H 100 10.3 80.4 9.2 


———— GN MEME E XE o 0 


; Finally, the use of mediators did not remain constant in acqui- 
sition but, rather, decreased as acquisition progressed. The per- 
centage of items mediated in acquisition was 26.2% and 33.3% for 
the L and H groups respectively, while the percentage of media- 
tors used in the last acquisition trial was 14.8% and 26.2% for the 
L and H groups respectively. 


Extinction. The 18 extinction trials were combined into six blocks 
with three trials in each block for the analyses of both mean number 
of correct items and mean number of mediators. Table III presents 
the means for the six blocks for each treatment group. In both 
cases, the effect of blocks was significant, with the mean number of 
correct items increasing over blocks [F (5, 460) = 53.00, p < 
001] and the mean number of mediators decreasing over blocks 
[F (5, 460) = 21.02, p < .001]. In addition, the H groups had sig- 
nificantly more correct responses than the L groups [F (5, 460) 
= 1831, p < .001]. The interaction between associability value 
and blocks [F (5, 460) = 3.15, p < .01] was significant, showing 
"^ the L groups improved more over blocks than did the H groups. 
These last two tests, however, are confounded by the differences 
In the associative strength for the high- and low-associability groups 
as measured by number of correct responses at the end of ac- 


TABLE III 


EFFECT or EXTINCTION ON NUMBERS or Correct IrEMS AND 
NUMBER or MEDIATORS 


Mean number correct Mean number mediators 


quisition. The mean number correct for the H groups on the first 
extinction trial was 7.02; it was only 5.58 for the L groups. 
difference of 1.44 was significant at p < .001 (t = 17.14, df = 
Neither percentage KR [F (1, 92) = 1.77] nor the interaction 
percentage KR with any of the other factors was significant. 
number of mediators, neither associability value nor percentage | 


interaction of associability value and blocks [F (5, 460) = 3.06, 
P «€ .01] were significant. This interaction is uninterpretable 
the same reason as was the similar interaction for number co 

To better characterize the items that showed increments in 
sponse strength over extinction trials, ie. that were incorrect Ol 
the first extinction trial but correct at some later time durin 
tinction, they were classified as correct or incorrect in acquisi 
and as mediated or rote. An item was considered correct if it 
been correct on at least one acquisition trial, and it was conside 
mediated if S reported a mediator on at least one acquisition 
That trial did not have to be the criterion trial in either case. 1 
analysis showed that a mediated item was more likely to show &! 
increment in extinction if it had been correct at least once in 
quisition than if it had never been correct. Of the mediated i 
that showed an increment, 79.2% were correct in acquisition 
only 20.8% were incorrect. The same trend was not observed 
rote items. Of the rote items that showed an increment, 44. 
were correct and 55.4% were incorrect. Within the rote i 
however, different patterns were observed for the low- and 
associability groups: an approximately equal number of co 
and incorrect items showed increments in extinction in the low- - 
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associability groups, while twice as many incorrect as correct items 
showed increments in extinction in the high-associability groups. 
These data must be interpreted in light of the fact (mentioned in 
the section on acquisition, above) that there were fewer mediated 
items incorrect at criterion (10.2%) than rote items incorrect at 
criterion (54.4%). Thus, there were very few mediated items that 
had never been correct; and it is not surprising that of the mediated 
items showing an increment in extinction, more were correct than 
incorrect. 

Another general observation must be interpreted with caution. 
Of the 116 items showing an increment in extinction, 20.7% were 
mediated and 79.3% were rote. However, since only 32.3% of all 
items were mediated, the 20.7% is not as much below expectation 
as might have been thought. 


DISCUSSION 


Acquisition. As expected, both associability and pereentage KR 
significantly affected acquisition. And, as would be expected, high- 
associability groups had more natural language mediators than did 
low-associability groups; the high-associability groups also learned 
more quickly. Such evidence supports much of the published re- 
search indicating the facilitative effect of natural language media- 
tors in acquisition.’ Similarly, the finding that 100% KR resulted 
in fewer trials to criterion than did 50% KR corroborates the 
majority of studies which have manipulated percentage of knowl- 
edge of results as an independent variable.® 

There is no evidence that percentage of knowledge of results 
affected formation of natural language mediators. While the per- 
centage of mediators was significantly higher for the H groups 
than for the L groups, no differences between 50% and 100% KR 
ou found to be significant. The degree of formation of the 
mediators remained fairly constant in spite of changes in percent- 
age of knowledge of results. When mediators were formed, how- 
ever, they appeared to help maintain accuracy. Two results of this 


a L. Clark, T. G. Lansford, and K. M. Dallenbach, Repetition and asso- 
above) learning, J. exp. Psychol., 73, 1960, 22-40; Jensen and Rohwer (see n. 6 
* Goss and Rabaioli (see n. 1 above); R. W. Schulz and W. N. Runquist, 
EE and retention of paired adjectives as a function of percentage and 
rrence of response members, J. ezp. Psychol, 59, 1960, 409-413. 
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experiment support such a conclusion. (1) Of the responses 72.1% 
were first correct at the same time that mediators were first 
reported, suggesting that response strength is, in some way, 
dependent on mediation. (2) An item that had a mediator was 
more likely to be correct on criterion than one that did not have a 
mediator: for all groups, only 10.2% of mediated items were in- 
correct on the criterion trial, whereas 54.4% of the rote items were 
incorrect at criterion. 


Extinction. 'The data for the extinction phase of the experiment 
manifested not only the lack of extinction but also the presence of 
self-reinforcement, an increase in correct responses over blocks of 
trials. These results agree with those of such studies as Eimas and 
Zeaman’s, Richardson and Gropper’s, and Greenbloom and Kim- 
ble’s.1° No differences in performance over blocks, as measured by 
mean number of correct responses, were found for the percentage- 
knowledge-of-results variable. The significant interaction between 
associability and blocks of trials was probably an artifact of the L 
groups’ starting extinction at a lower level and thus having 
more room for improvement. 

The significance of blocks for number of mediators indicates 
extinction of mediators over trials. Actually, the dropping out of 
mediators started in acquisition, since the percentage of items 
mediated in acquisition was 26.2% and 38.3% for the L and H 
groups respectively, while the percentage of mediators used in the 
last acquisition trial was 14.8% and 26.2% for the L and H groups 
respectively. Thus, the mediators were used for a certain time; 
then they dropped out and the item was recalled in a rote fashion. 
These data support those of Adams and McIntyre, who also found 
that mediators drop out during acquisition trials.! The failure of 
the interaction of blocks and percentage knowledge of results to 
reach significance for number of mediators in extinction indicates 
that this dropping out is independent of manipulations of the 
percentage of knowledge of results during acquisition. 

The fact that nearly half of the items showing self-reinforcement 


10 Eimas and Zeaman (n. 2); Richardson and Gropper (n. 2); R. Green- 
bloom and G. A. Kimble, Extinction of R-S association and performance on 
recall trials without informative feedback, J. verb. Learn. verb. Behav., 4, 19 
341-347. 

11 J, A. Adams and J. S. McIntyre, Natural language mediation and allo 
none learning, Canad. J. Psychol., 21, 1967, 436-449. 
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effects had never been correct in acquisition is one for which any 
tenable theory of verbal learning must account. Adams (see n. 4) 
relates self-reinforeement to a closed-loop theory in which there 
exists the possibility for internal reinforcing events after external 
reinforcement has placed the response in the repertoire. Instead of 
comparing the stimuli from the feedback loops of the response 
just made with the external knowledge of results, the subject com- 
pares them with internal reference levels. Such an explanation may 
be adequate for the case when the response has been given cor- 
rectly at some time and, therefore, is placed in the subject’s rep- 
ertoire. However, it does not explain the case when the correct 
response has never been made during acquisition, unless it is as- 
sumed that the subject makes the response covertly but does not 
say it aloud because of a high response-criterion bias. 


ELECTROMYOGRAPHIC ACTIVITY 
DURING OBSERVATIONAL LEARNING 


Seymour M. BERGER, DEBORAH SMITH Irwin, and GABRIEL P. FROMMER, 
Indiana University 


Abstract. A previous study used learning of hand signals to show that ob- 
servers practice the model's responses during the exposure period. Since only 
overt practice was measured, it was felt that more sensitive techniques were 
needed to measure possible covert practice. In this study, electromyogram 
(EMG) recordings were made while observers learned hand signals and 
word-number pairs, either in the presence of the experimenter or alone. Ob- 
servers showed greater EMG activity while learning hand signals than while 
learning word-number pairs regardless of whether the experimenter was present - 
or not. However, more overt practice of the hand signals (hence larger EMGs) 
occurred when the experimenter was absent. The results are interpreted as 
additional evidence for the elicitive function of the model's behavior during — 
observational learning. 


Typically, observational learning studies involve two stages: 4 
stage in which an observer is exposed to the behavior of a model, 
and then a stage in which the observer is required to behave in order 
to determine how much the model’s behavior has influenced the 
observer’s behavior. Relatively little research has attempted to an- 
alyze the observer’s reactions to the model’s behavior during the 
exposure stage—even though identification of these réactions could, 
presumably, facilitate more precise analysis of the processes in- 
volved in observational learning. Still, some efforts in this direction 
have been made, and it has, for example, been found that observers 
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reaction time, J. pers. soc. Psychol., 2, 1965, 573-575; E. W, J. Faison, N. Rose 
and J. E. Podell, A technique for measuring observable audience reactions 
to training films, Air Force Personnel and Training Research Center, Train- 
ing Aids Research Laboratory, unpublished laboratory note (mimeo.), TARL- ! 
LN-55-45, 1955. 
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who watched a model learn hand signals (from the manual alphabet 
for the deaf) tended voluntarily to perform these hand signals as 
they watched and that the performance of hand signals during the 
exposure period was moderately correlated with a measure of learn- 
ing (.47).? 

The performance of the hand signals in that study was, however, 
scored by a relatively strict criterion, which fragmentary per- 
formance or unidentifiable hand movements did not meet; it was 
apparent that more hand activity was occurring than was being 
scored. The purpose of the present study, then, was to determine 
the extent to which exposure to hand signals increases the amount 
of motor activity in the observer's hand and arm. Records of overt 
activity were obtained as in the previous study, but in addition, 
electromyogram (EMG) recordings were obtained to measure any 
less overtly visible motor activity which might occur. The ra- 
tionale for using EMG recordings was based on the evidence that 
thinking is related to local muscular changes? So, for example, 
thinking about moving one’s own hand is related to changes in the 
electrical potentials of muscles in that region of the body. These 
changes could be produced by self-instruction. It seemed reason- 
able to hypothesize that watching another person’s hand move- 
ments could have an effect similar to the one produced by self- 
instruction, i.e. that local muscular changes would be produced in 
an observer as a consequence of his watching & model’s perform- 
ance. This seemed especially reasonable given the earlier study’s 
evidence of overt observer performance. 

The study was conducted in two phases. In the first phase, the 
experimenter was not present in the observer’s section of the 
room; in the second phase, she was. The experimenter’s presence 
AM introduced as a factor because pilot work for the earlier study 
Wggested that observers tended not to perform hand signals in 
is: experimenter's presence but did practice when apparently 
is á (They seemed to feel that performing hand signals overtly 

akin to counting on one’s fingers—an act thought to be em- 


2 
J. E M. Berger, Observer practice and learning during exposure to & model, 
ag. joo. Psychol, 3, 1966, 696-701. 
1932, Psp erga) The electrophysiology of mental activities, this JOURNAL, 44, 
&ioumess ai; A; Max, An experimental study of the motor theory of con- 
n "Dl III, Action-current responses in deaf-mutes during , sensory 
perime on and dreams, J. comp. Psychol., 19, 1935, 469-486; M. A. Max, Ex- 
SPonses tal study of the motor theory of consciousness: IV, Action-current re- 
of the deaf during thinking, J. comp. Psychol, 24, 1937, 301-344. 
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barrassing for an adult.) The effect of the experimenter's presence, 
therefore, was expected to reduce the amount of overt practice of 
the hand signals. Finally, since the EMG activity observed might 
not be specific to the hand signals but the result of a general activa- 
tion during learning, all observers were given another learning 
task, one which was not associated with the hand. This comparison 
task involved word-number pairs. 


METHOD 


Subjects. The Ss who served as ‘observers’ were 31 students in elementary 
psychology courses at Indiana University. They participated in order to fulfill 
a course requirement.4 


Apparatus. EMGs were picked up with Grass silver-disc electrodes coated 
with Sanborn electrode jelly and secured to S's right (preferred) arm with 
adhesive stretch tape. The muscle potentials were amplified and recorded 
with a Grass Model 7 polygraph. In one channel, the signal was integrated 
with a Grass Model 7P3 preamplifier-integrator, and only the integrated signal 
was available for the write-out. In the other two channels, the EMGs were 
amplified with a Grass Model 7P5 preamplifier set to a low-frequency cutoff 
of 10 Hz. The preamplified signal was fed to a driver amplifier and the raw 
record was displayed. In addition, the raw signal was picked up from J6 of 
the driver amplifier, half-wave rectified, and fed to the input of another driver 
amplifier, the high-frequency cutoff of which was set at 3 Hz. This configura- 
tion functions on the same ‘leaky-condenser’ principle described by Arduini 
and Pinneo, and others, which provides, in effect, a sliding average of the 
input signal5 These summated signals were displayed in parallel to the raw 
records, and the measurements reported here were made on these summated 
signals, 

Pictorial representatives of eight dissimilar hand signals from the manual 
alphabet for the deaf were mounted on 33 x 5% in. white paper with the 
corresponding letter of the alphabet typed beneath each signal. These hand 
signals represented the behavior of the ‘model,¢ Eight common five-letter 
English words paired with numbers from 1 through 8 were typed on another 
34 X 53 in. white paper. The room was divided by a wooden screen which 
separated S from the polygraph and in one condition, from E. 


Procedure. Each S was run individually. He was seated in a large-armed 
chair and told that harmless electrodes were going to be attached to his arm 


4 More students participated in part or all of the experiment, but their data 
had to be eliminated because of equipment failures. 4 

5 A. Arduini and L. R. Pinneo, A method for the quantification of tonic a0- 
tivity in the nervous system, Arch. ital. Biol., 100, 1962, 415-424. 

6 Static pictorial representations of the model’s behavior were used rather 
than a ‘live performance’ in order to eliminate the possibility that the 
servers’ EMGs were instigated by the model's irrelevant arm movements rather 
than his performance of the hand signal per se. 


| 


OBSERVATIONAL LEARNING 


and that no shock was to be administered. Three sets of electrodes were then 
applied as follows: (1) wrist position—over portions of the flexor carpi radialis, 

- palmaris longus, and flexor digitorum superficialis muscles, one electrode 
placed slightly above the wrist, and the second 12 in. above the first; (2) fore- 
am flexor position—over the flexor carpi radialis and flexor digitorum sublimis 
muscles, one electrode placed one-third of the distance from the medial 
humeral epicondyle to the styloid process of the radius, the other electrode 
18 in. in the distal direction along the same line; (3) forearm extensor posi- 
tion—over the superficial extensor muscles of the forearm, one electrode placed 
one-third of the distance from the lateral humeral epicondyle to the styloid 
process of the ulna, the other electrode 1} in. in the distal direction along 
the same line. 

When this attachment was complete, the following instructions were read 
to the Ss who were to learn the hand signals first; the instructions were the 
same for the Ss who learned the word-number pairs first, except for a reversal 
of the order in which the learning tasks were described. 


“In this experiment you will be learning two different tasks. One task will 
be to learn the eight hand signals from the manual alphabet for the deaf that 
correspond to the correct eight letters. Are you familiar with any of these 
Signals? [Any S who could reproduce any of the signals was excused.] An ex- 

| ample of such a signal is K. [E demonstrates the signal for K.] The other 
task will be to learn eight word-number pairs; i.e. for each word there will be 
associated a number from 1 through 8. You are to learn the number that cor- 
responds to each word. An example of this task would be TABLE-9. 

Do you have any questions? For the first task you will be tested in the 
following way. I will give you a letter such as K and you will demonstrate 
the corresponding hand signal. For the second task I will give you a word, 
^4 TABLE, and you will tell me the correct corresponding number, ie. 9. 

You understand how you will be tested? There will also be three relaxation 
Petiods in this experiment: one before the first learning task, one after the 

task, and one after the second task. During these periods please close your 

E and remain as relaxed as possible. When I say you may now start learning 

p" task, open your eyes. The task materials will then be in your lap. 

E tasks as quickly as possible. When you think you have learned all 

qu items, tell me and I will then test you on that task. Do you have any 

. Wesüons about what you are to do? If not, then close your eyes and the ex- 
Periment will begin.” 


P e» time E turned on the EMG console, adjusted baselines when neces- 
Ste the incoming signal for each channel, and began recording 
Buffiie oe Either after a period of approximately 45 sec. or when the S had 
E relaxed (to establish baseline level of EMG activity), E put the 

a als for one of the two learning tasks on each S's lap (half the Ss learned 

at) and signals first while the other half learned the word-number pairs 

E E a proceeded as the instructions had promised. 

Din cated each rest and learning period on the polygraph paper by operat- 

in the te marker, and also recorded the number of correct responses S made 

then br; t session, At the close of the experiment S was excused. If asked, E 
riefly explained the experiment. 
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There were two conditions involving E’s presence: in Condition I E was in 
front of S, and in Condition II E was behind a screen adjacent to S. E could 
see S's right hand from this position without being seen by S. The statistical 
analyses are based on data from both of these phases of the experiment. 

Muscle-action potentials for each S were measured in arbitrary units from 
the zero-input baseline at 5-sec. intervals for the three rest periods and the two 
learning periods. Analysis was performed only on data obtained during the 
learning periods. Although muscle-action potentials were recorded at three 
positions, the data from one position were unusable due to technical difficulties. 
Consequently, only data from these two positions were analyzed: Channel I, 
wrist position, and Channel II, forearm flexor position. 


RESULTS 


Data from Channel I (wrist position) were obtained for Con- 
ditions I and II, but only the data from Channel II (forearm 
flexor) under Condition II were available for analysis because of 
technical problems with this recording channel during Condition 
I. The main data analysis, therefore, is based upon Channel I 
recordings. 

The mean muscle-action potentials recorded on Channel I are 
reported in Table I. The analysis of variance performed on these 
data from 10 Ss run under Condition I and 10 Ss under Condition H 
yielded two significant, results. First, there was a significant main 
effect due to the type of learning task; i.e. there was a significantly 
greater amount of muscle activity during the hand-signal learning 
than during the word-number learning (p < .01). Second, there 
was a significant interaction between the conditions associated with 
E's presence and the type of learning task (p < .01). No main 
effect was found for conditions involving E's presence as such. 
The analysis of variance is summarized in Table II. 

The significant interaction in the analysis of variance shows that 


TABLE I 


Mean ErgcrROMYOGRAPHIC ACTIVITY Scores iN ARBITRARY UNITS 
——————— ee 


Learning task 
Conditi Honda Word-number EM 
ndition and-signals pairs > ee TE 
I 37.32 11.84 49.16 
II 21.82 15.92 37.68 


Total 59.14 27.76 


] 
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TABLE II 


Summary OF ANALYSIS OF VARIANCE OF CHANNEL I Scores 


Source df MS F 
Conditions 1 326.21 1.65 
Error (a) 18 197.75 
Type of task 1 2462.23 85.52* 
Conditions X Task 1 958.54 13.83* 
Error (b) 18 69.32 


OC NND ENSIS 


*p«.0l. 


the magnitude of the effect, of the learning task depended on the 
presence of E. Separate t tests comparing different means showed 
that the mean activity associated with hand-signal learning was 
greater under Condition I, when E was absent, than under Con- 
dition II, when E was present (t = 2.78, df = 18, p < .02). On the 
other hand, the same comparison for word-number learning showed 
that the means for the two conditions were not significantly differ- 
ent (¢ = 0.86, df = 18). Within both conditions, however, more 
activity was associated with learning hand signals than with learning 
word-number pairs (for Condition I, t = 5.96, df = 9, P < 01; 
for Condition II, t = 3.01, df = 9, p < .02). 

The Ss were also scored by E during hand-signal learning either 
for performing or not performing overt recognizable signals (see 
Table III). Those who did not perform such recognizable signals 
included the Ss from whom fragmentary movement or no overt 
movement was recorded. The Fisher exact-probability test showed 
that a significantly greater amount of overt practice occurred under 
a I than under Condition II during hand-signal learning 
d nr to the results from Channel II, a t test performed on 
W a for 19 Ss run under Condition II was also found to be sig- 

ifcant (mean during hand-signal learning, 15.14; mean dur- 


TABLE III 


— ~ Condition Performers Nonperformers 
I EF 9 1 
II 2 8 


E. r0 s OMEN 
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ing word-number learning, 8.63; t = 3.11, df = 18, p < O01 
viding evidence from a different recording position of a signif 
greater amount of activity which could not be detected by din 
observation by E during hand-signal learning than during the 
control task.? 

Finally, no significant differences were found in learning per s& 
It took Ss just about as long (in terms of 5-sec. units) to learn 
words as to learn the signals, and they learned as many words 
they did signals. These results were the same within both 
ditions and there was no difference between conditions. 


DISCUSSION 


The principle findings of this investigation can be summarized 
follows. (1) There was a significantly greater amount of mus 
activity recorded during hand-signal learning thar during Y 
number learning, regardless of whether or not the experi 
was present. (2) The amount of muscle activity during hand-si 
learning under the condition where the experimenter was ab 
was significantly greater than under the condition where she 
present. Such activity was not significantly different under the 
conditions for word-number learning; thus, the interaction b 
tween the types of learning tasks and the conditions involving : 
experimenter’s presence was significant. (3) A significantly 
proportion of observers performed overt, recognizable signals ¥ 
the experimenter was absent than when she was present. 

The first finding is consistent with related studies. More spec 
cally, it suggests that observers did not merely passively watch tl 
model (here represented by pictures of the hand signals) during! 
learning period. Even though such active participation was noi 
always at the overt behavioral level, increased activity presumam®, 
related to the hand-signal learning was revealed for most obse 
regardless of whether the experimenter was present or not. 
ties in with the recent neurophysiological evidence suggesting 
important role for anticipatory neuromuscular adjustments in t 
acquisition of simple conditioned responses. Integrated overt 


1 


* The 19 Ss in this comparison for Channel II included 8 Ss from the pre 
analysis of Channel I data. The additional 11 Ss in the Channel II ana" 
brought the total number of Ss in this study to 31. above): 

8 Berger (n. 2 above) ; Jacobson, and Max (first two references in n.3 | 
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traction of skeletal muscles normally requires the action of a com- 
plex sensory-feedback system. Phasic or tonie discharge of the 
gamma efferent motor neurons produces contractions of muscle- 
spindle stretch receptors but does not result in measurable overt 
movement. Rather, it increases the afferent bombardment from 
the stretch receptors onto the alpha motor neurons, the discharge 
of which initiates muscle contraction and movement? Buchwald 
and co-workers have investigated the role of this feedback system 
in conditioned leg flections of the cat? They showed that the 
gamma efferent discharge becomes conditioned well before con- 
ditioned alpha motor-neuron responses are elicited and overt 
movements appear. Further, overt CRs fail to develop on test trials 
given before blocks of extended training trials during which Flaxe- 
dil is used to block entirely the contraction of the muscle spindles 
induced by gamma efferent activity. It might also be suggested here 
that had electrical recordings been taken from regions such as the 
jaw and throat, they could have been expected to show increases in 
muscle-aetion potentials during the word-number learning, due to 
the Vocal and subvocal responses previously found during a rote- 
learning task in a related study." 

The second and third findings, that the presence of the experi- 
menter had a significant inhibitory effect on overt practice of the 
hand signals, had been previously observed but not tested (see n. 
2). Yet, even when the experimenter was present, the electromyo- 
o records showed greater activity during hand-signal learning 
ing during word-number learning. Such evidence indicates that 
x 3 obvious forms of signal practice probably occur during ob- 
the EUM teeming, Whether overt and recognizable practice with 
Diet and signals was more advantageous for learning than frag- 

ary or no overt practice could not be tested in the present 


9 
^ ot p irt, Muscle spindles and their motor control, Physiol. Rev., 
and "aS; Buchwald, D. Beatty, and E. Eldred, Conditioned responses of gamma 
Fra "i motoneurons in the cat trained to conditioned avoidance, Ezp. 
ol, 4, 1961, 91-105; J. S. Buchwald, D. Beatty, and E. Eldred, Distribution 
962, CD of gamma motoneuron conditioned responses, Ezp. Neurol., 5 
gamma ES J. S. Buchwald and E. Eldred, Conditioned responses in the 
M. su clirent system, J. nerv. ment. Dis, 132, 1961, 146-182; J: 8. Buchwald, 
cuits to e E. Eldred, and E. S. Halas, Contribution of muscle spindle cir- 
Physiol earning as suggested by training under Flaxedil, EEG clin. Neuro- 
iol, 116, 1964, 582-594. 
learning Berry and R. C. Davis, Muscle responses and their relation to rote 
» 4. exp. Psychol., 55, 1958, 188-194. 
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experiment because of the unlimited time allotted for learning. 
No differences in learning were found, but design of the experi- 
ment did not allow for the use of more sensitive measures of learn- 
ing. 

It is not possible, of course, to determine the exact nature of the 
covert muscle activity reported in this study. For instance, there is 
no way of determining whether the observation of different hand 
signals produced different patterns of changes in muscle activity. 
In other words, it is not clear that observers were practicing spe- 
cific hand signals. It is clear, however, that a considerable amount - 
of local muscle activity occurred. It seems reasonable, at this point, 
to conclude that exposure to the hand signals did produce local 
muscular changes which at least prepared the observer to perform 
the hand signals on his own. These muscular changes, therefore, 
are viewed as evidence that exposure to the model’s performance 
readies the observer to perform the model’s response and in this 
way facilitates observer practice and, possibly, learning. These 
results are interpreted as further evidence for the elicitive function 
of a model’s behavior in observational learning. 

Although the results of this experiment clearly show that overt 
practice and covert muscle activity occurred during exposure to 
learning materials representing the model’s behavior, we still need 
studies that apply such sensitive techniques to other forms of 8 
model's behavior. It also would be useful to study the relationship 
between overt and covert forms of practice, and to determine the 
significance of such practice for observational learning. 


2? A. Bandura, Vicarious processes: A case of no-trial learning, in L. Berko- 
witz (ed.), Advances in Experimental Social Psychology, 2, 1965, 1-55; 8. M. 
Berger, Vicarious aspects of matched-dependent behavior, in E. C. Simmel, R- 
1558. fe — G. A. Milton (eds.), Social Facilitation and Imitative Behavior, 


MAGNITUDE ESTIMATION OF AVERAGE LENGTH: 
A FOLLOW-UP 


Arruur L. Miner, Marquette University 
Vircrnta M. Pepersen, Southern Illinois University 
and Ricuarp W. SHELDON, George Washington University 


Abstract. Miller and Sheldon have fitted power functions to magnitude 
estimations of average length of sets of horizontal lines and have found ex- 
ponents of 1.00-1.14, depending on the standard. The present study obtained 
magnitude estimations of average length under quite different observation 
conditions, with different constraints on observers’ judgments, and with dif- 
ferent observer populations. These variations in experimental conditions and 
populations produced only small, and not entirely consistent, differences in 
slopes (exponents), and the variation in constraints had no consistent influence. 
As in the Miller and Sheldon study, a 12-in. standard yielded relatively steep 
slopes; a 60-in. standard, flat slopes. Differences between three groups with 
continuously visible standards were not, however, statistically reliable, as they 
were in the Miller and Sheldon study. Exponents of these three groups plus 
two low-constraint groups were found to be 92-103; most exponents clustered 
around 1.00-1.03. 


eee 


In several recent psychophysical experiments, the observers have 
been given unusual tasks, In contrast to usual procedures, where the 
observers judge some attribute of unitary objects or events (e.g. 
the heaviness of a weight or the pitch of a tone), the observers Ir 
these experiments judged the average of a set of stimuli in terms of 
some attribute of the set’s components. Anderson, for example, 
exposed sets of six weights and secured judgments of average 
heaviness on a 20-point scale.’ Miller and Sheldon presented Army 
enlisted men with sets composed of six lines arranged in either 
Parallel (horizontal) or oblique arrays and obtained magnitude 


Received for publication April 24, 1969. The research was supported in part 
sind Pant from the United States Public Health Service (MH-13397-01). The 
ns presented before the 1968 convention of the American Psychological 
lon. 
1 
Ee Anderson, Application of a weighted average model to @ 
cal averaging task, Psychon. Sci., 8, 1967, 227-228. 
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estimations of average length of parallel, and average inclination of 
oblique, arrays. While Anderson was primarily interested in the 
effects on judged average of serial position of stimuli within sets, 
Miller and Sheldon attempted to determine magnitude scales of 
average length and average inclination? 

In the study by Miller and Sheldon, the average for the array 
was judged in proportion to a standard line present on every trial, 
and each observer was informed of the physical value of the stand- 
ard. Lines of three lengths (12, 36, and 60 in.) and three inclinations 
above horizontal (20?, 45?, and 70?) served as standards, and a 
given observer received only one length and one inclination stand- 
ard. The stimulus arrays consisted of six black lines projected on a 
white sereen and were exposed for 10 sec. each. The screen was 
viewed through a monocular occluder, and the visible sector was 
clearly bounded by the occluder aperture. The results showed the 
relationship between subjective magnitude of average inclination 
and stimulus magnitude to be linear, and this relationship for average 
length to be described by power functions with exponents (slopes 
in log-log coordinates) of 1.14, 1.00, and 1.03 for the standards of 
12, 36, and 60 in. respectively. 

Frequently in magnitude-estimation experiments, a standard stim- 
ulus is exposed or available to each observer on every trial, but often 
the first stimulus in the series is considered the standard and is not 
exposed on subsequent trials. The modulus (number assigned the 
standard) is often chosen by the observer or may be designated by 
the experimenter. Presenting the standard only once and allowing 
the observer to choose the modulus reduces the constraints on his 
judgments and may enhance the effectiveness of magnitude scaling 
(see n. 3). Since Miller and Sheldon exposed the standard on every 
trial and preseribed the modulus, one objective of the present in- 
vestigation was to secure magnitude estimations with reduced con- 
straints on the observers. A second objective was to ascertam 
whether relationships observed under the conditions of the Miller 
and Sheldon study would hold over different experimental condi- 
tions and populations. Our attention was restricted in this study 
to scaling average length. 


2A. L. Miller and R. W. Sheldon, Magnitude estimation of average length 
and average inclination, J. exp. Psychol., 81, 1969, 16-21. his 

? S. S. Stevens, The direct estimation of sensory magnitudes: Loudness, t 
JovRNAL, 69, 1956, 1-25. e 
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METHOD 


Observers. The Os were 80 paid volunteers (men and women) at the Univer- 
sity of South Dakota. They demonstrated understanding of arithmetic means on 
a simple mathematical test and were unpracticed in psychophysical observation. 


Apparatus and stimuli. The experiment was conducted in a darkened room 
containing a black projection screen (1014 X 12 ft.) ; a projector stand, located 
26 ft. from the screen, housing a Kodak Carousel 35-mm. projector (Model AV- 
900); a desk (for E) beside the projector stand; and an armless chair (for O) 
21% ft. from the screen, A black box was attached to the screen and housed a 
fluorescent lamp that was 6 ft. long. A 54g-in.-wide horizontal slit in the box 
formed an illuminated line, and segments of selected length (12, 36, and 60 in.) 
were exposed as standards. 

Stimulus arrays, each containing six horizontal lines, were projected from 
negative transparencies onto the screen (see Fig. 1). Slides were designed to 
represent 17 stimulus values (mean lengths of the array) and covered a range 
of 22-183 cm. Lengths of lines projected from each slide were carefully cali- 
brated with the projector aligned and securely mounted, Component lengths 
within arrays were selected in accordance with a standard rectangular distribu- 
tion. The array having a mean length of 60 cm., for example, contained lines 
with measurements (in cm.) of 45, 50, 55, 65, 70, and 75. For all arrays the inter- 
component range was 30 cm., and corresponding intervals between ordered com- 
ponents were approximately equal. Width of projected lines was % in. In each 
array the lines were randomly assigned to vertical positions 7% in. apart and to 
lateral positions spaced at 1-cm. steps within a range 1.5 times the longest com- 
ponent, Stimuli were viewed binocularly through red goggles, and no additional 
cues (screen borders, walls, ceiling, or floor) were visible to O. 


Fic. 1. Stimulus array with mean length of 95 cm. 
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Procedure. On arrival, O was given a simple test on arithmetic mean 
an orientation task in which he adjusted the length of a bar to indicate a 
length of several displays. He was then fitted with red goggles and escort 
flashlight into the darkened projection room. After further instructions, t 
stimulus sets were each presented three times in an irregular order, a dif e 
sequence being followed for every O. Components of all sets were shown in 
spatial arrangements, On every trial, stimulus arrays were exposed for 15 
followed by a 15-sec. dark period during which O announced his judgm en 
pause of 1-2 min. was required after Judgment 35 to permit change of 
trays. 

Five groups of Os were exposed to the same procedure. For three grou 
15 Os (composed of approximately equal numbers of men and women), 8 
luminated ‘standard’ line (12, 36, or 60 in. long) was also presented, 14-li 
below each array, and the moduli were prescribed by E (10, 30, or 50 res 
tively). The selected standard was illuminated when O entered the project 
room and remained on until the experiment ended. 

In order to reduce constraints under which judgments were made, the 
dards for two additional groups were exposed before (and only before) 
judgment series began. These standards consisted of parallel arrays. For | 
fourth group, of 20 Os (all men), the standard was an array with mean len 
of 37.4 in.; the Os were asked to call the average length ‘30.’ In the fifth 
last group, of 15 men and women, each O received a different standard am 
and selected the modulus. Instructions for all groups emphasized the impol 
of judging average length in proportion to the standard. This excerpt fro 
structions given the group receiving a standard 374-in. array should ill 
the procedure: 


Ps the experiment pictures will be projected on the screen in fr 
of you. 

"You'll notice there are six lines in the picture now on the screen. 
picture in the experiment will contain a group of six lines. Your job 
to look over the six lines in a group and judge how long they are 0 
average. You are not expected to calculate the average by arithmetic, 
would find the average of a column of numbers. Instead, look carefi 
each line in the group and then estimate their average length as well 
can. 
"Rather than judge average length in inches or some other familiar uni 
T'd like you to call the average length of the group you see now on the 
‘30.’ I'd also like you to use this picture as a standard for the rest of the e 
ment. For example, if the lines in another picture should appear twice as Jo 
on the average as the group now on the screen, then their average length 
be two times 30, or 60. On the other hand, if the lines in another pict 
peared, let us say, one-fourth as long on the average as the group now 0 
screen, then their average length would be one-fourth of 30, or 7.5. In 
words, the average length of every group of lines presented in the experi 
should be judged in proportion to the group of lines you now see on the scr 
whose average length is called 30." 
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RESULTS AND DISCUSSION 


To facilitate comparisons among groups, all judgments were 
transformed to a common scale of inches. Analysis of variance and 
median tests failed to disclose significant effects associated with O 
sex, and hence data of men and women were combined in further 
analyses. For every value of the variable stimulus, a geometric 
mean was calculated over transformed magnitude estimations of 
Os within each of the five treatments. Functions of the form 


vw=ks’, 


where Y is subjective magnitude, S is stimulus magnitude, and k 
and n are parameters, were fitted by the log-log reduction procedure 
to the geometric means of each group.* Parameters of these func- 
tions are presented in Table I and graphed in Figs. 2 and 3. It may 
be seen (Figs. 2 and 3) that the data cluster very closely around the 
fitted curves and appear to be described fairly well. 
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Inspection of the curves (Fig. 2) for the groups receiving Con- 
tinuously visible standards (12, 36, or 60 in.) reveals no pronounced 
divergence at the upper end of the stimulus range, as there was 
the Miller and Sheldon study (Fig. 4). Judgments of the group 
employing the intermediate standard (36 in.) again tended to fall 
between those for the other two groups, however (compare Figs 
2 and 4). Table I shows that with respect to the parameter n (slope 
in log-log), which is of primary interest, the Miller and Sheldon 
study showed steeper slopes than the present experiment, under 
both the smallest and largest standards: the differences were 12 
for the 12-in. and .10 for the 60-in. standards respectively. A small 
shift of .03 in the opposite direction occurred under the 36-in. CoD” 
dition. While small, these effects may be due to variations in experi" 
mental conditions or O populations. 

In both studies, a relatively steep slope was associated with the 
smallest standard (12 in.) and a flat slope with the largest (60 in): 
Analysis of variance revealed significant differences among w 
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Fi. 4. Magnitude scales of average length with standard line continuously 


Visible and modulus prescribed by the experimenter (data from Miller and 
Sheldon) 


as standard groups of the Miller and Sheldon study [F (2, 15) 
E» p < .025] but not among the five groups of the present 
tribut, UF (4, 15) = 1.20, p > .10]. While this finding might be at- 
"cm to differences between O populations or in experimental 
TÉ ions, we cannot rule out the possibility that real differences 
stud een the groups receiving continuous standards in the present 
p." have been obscured by the presence of the other two 
E effects of lowered constraints may be ascertained by com- 
Uy n of the first three groups of the present experiment with the 
a E. In the fourth group, where the 37.4-in. array was assigned 
Slope ulus of 30, the slope was only .02 less than the maximum 
ow- pader the conditions of greater constraints. Furthermore, the 

constraint fifth group, having individual standards and moduli, 
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TABLE I 


PARAMETERS OF POWER FUNCTIONS 


Standard k n kt nt 
12-in. line 0.88 1.02 0.68 1.14 
36-in. line 0.90 1.03 1.08 1.00 
60-in. line 1.81 0.93 0.85 1.03 
37.4-in. set mean 0.92 1.01 
Various set means 1.34 0.92 


f Data from Miller and Sheldon. 


had an exponent of .01 less than the smallest exponent in the groups 
with greater constraints. Where physical values of the standards 
were nearly the same (second and fourth groups), yet one stand- 
ard (36 in.) was continuously visible while the other (374-in. 
array) appeared only at the outset of the experiment, the fitted 
functions were extremely similar (.02 difference between the values 
of both n and k respectively). We cannot conclude from these re- 
sults that constraints had an effect on magnitude estimations of 
average length. 

Finally, there was a curious reversal in the relative positions of 
the eurves for the largest and smallest standards between the Miller 
and Sheldon experiment and the present study (compare Figs. 2 
and 4). While it may be tempting to give an interpretation to this 
finding (e.g. in terms of here darkened vs, there illuminated visual 
fields), a satisfactory explanation awaits further research. 

In general, magnitude estimations of average length obtained 
under the two experiments’ quite dissimilar observation conditions 
(different exposure durations, monocular vs. binocular vision, im- 
poverished vs. highly illuminated visual field with visible context- 
ual cues), with different observer populations (Army enlisted men 
vs. college men and women), and under different constraints 0D 
observers’ judgments, yielded relationships between subjective mag- 
nitude of average length and stimulus magnitude that are described 
by power functions with slopes ranging only from .92 to 1.14 and 
tending to cluster around 1.00—1.03. 


EFFECTS OF STRAIN, SEX, AND ILLUMINATION ON 
OPEN-FIELD BEHAVIOR OF RATS 


Frep P. Vare, University of British Columbia 


Abstract. The effects of strain, sex, and level of illumination on open-field 
behavior were investigated with black-hooded and agouti-selfed rats. Results 
indicated that (a) black-hooded rats locomote more, rear equally often, and 
are less prone to leave the peripheral wall (more thigmotaxic) than agouti- 
selfed rats; (b) female rats locomote more, rear more, but show the same 
degree of thigmotaxis as males; and (c) increases in illumination produce de- 
creases in both locomotion and rearing but increases in thigmotaxis. 


Re M 


On the basis of a wide variety of behavioral tests, Keeler con- 
cluded that laboratory strains of Rattus norvegicus which are homo- 
Zygotic for the recessive ‘black’ allele at the A locus (i.e. rats which, 
if pigmented, have black fur) are tamer than agouti strains (i.e. 
tats which, if pigmented, have brownish-gray fur). Broadhurst, 
however, reported that two black-hooded strains locomoted less in 
an open field than either an agouti-selfed strain (a nonhooded, 
Agouti-colored strain) or an agouti-hooded strain? Tf increased 
tameness is equated with increased locomotion, then Broadhurst’s 
data suggest either that Keeler’s hypothesis is incorrect or, at the 
very least, that the presumed taming effects of the black allele can 
be modified by the genetic context in which it occurs. 

he present study was an attempt to shed additional light on 
the behavior of black and agouti strains in an open field, measuring 
not only the amount of locomotion and amount of defecation but 
also the frequency of rearing and degree of thigmotaxis, or wall- 
hugging behavior. If Keeler's hypothesis is correct, the black 
strain should locomote more, rear more, defecate less, and be less 


mia paved for publication July 27, 1969. The author thanks Michael Judd, 

hiv elped collect the data, and the President’s Research Committee of the 

ic nU of British Columbia, which provided financial assistance. vio 

in the N, Keeler, The nssociation of the black (nonagouti) gene with behavior 

ap 1 OAY rat, J. Hered., 33, 1942, 371-284. yA 

ferences Broadhurst, Determinants of emotionality in the rat: III, Strain dit- 
es, J. comp. physiol. Psychol., 51, 1958, 55-59. 
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thigmotaxie (on the assumption that wall-hugging reflects, in part, 
the effects of timidity) than the agouti strain. 

In addition to the strain variable, the study also investigated the 
effects of sex and level of illumination on the above open-field mea- 
sures. Previous studies, reporting only the locomotion measure, 
suggest that females should be more active than males? and that 
rats should be more active in the dark than in the light.* The pres- 
ent study, however, is apparently the first attempt to assess the 
effects of strain, sex, or level of illumination on either rearing be- 
havior or wall-hugging behavior. 


METHOD 


Summary of design. Two levels of illumination, two strains of rats, and the 
two sexes of each strain, formed a 2 X 2 x 2 between-groups factorial design 
with measures on seven subjects within each cell. Hence, the total N — 56. 


Subjects. The 28 BD-IX rats were bred from stock generously supplied by 
Dr. D. Müller-Schwartz of San Francisco State College. The BD-IX strain 
is homozygotie for the dominant (agouti) alleles at the A locus and for the 
dominant (selfed, or nonhooded) alleles at the H locus. In addition, this strain 
is homozygotic for the dominant alleles at the C locus (rats which are homozy- 
gotic for the recessive alleles at this locus are albino) and for the dominant 
alleles at the P locus (rats which are homozygotic for the recessive alleles at 
this locus have golden fur and pink eyes).$ 

The 28 Long Evans rats were bred from stock originally obtained from 
National Farms, Edmonton, Canada. This strain is homozygotic for both the 
recessive aa (black) alleles and the recessive hh (hooded) alleles; see n. 1. n 
addition, since the Long Evans rats are pigmented, the strain must either be 
heterozygotic at the C locus or homozygotic for the dominant alleles, as is the 
BD-IX strain. Hence, at the very least, the two strains differ genetically at tw0 


loci; they may also differ at other loci as well, although such differences are not 
cataloged. 


Apparatus. The open field was a square white board, 1.22 m. on à side, 
divided by black lines into 16 equal squares. It rested on the floor on .05-m. legs 


d sex 
Be- 
dif- 


* R. N. Hughes, Effects of food deprivation, deprivation experience, An 
on exploration in rats, Brit. J. Psychol., 59, 1968, 47-53; R. N. Hughes, 
haviour of male and female rats with free choice of two environments 
fering in novelty, Anim. Behav., 16, 1968, 92-96. b 

* A. P. Mead, A quantitative method for the analysis of exploratory © 
haviour in the rat, Anim. Behav., 8, 1960, 19-31; W. I. Welker, Escape, explo 
tory, and food-seeking responses of rats in a novel situation, J. comp. physio” 
Psychol., 52, 1959, 106-111. EC 

*Von H. Druckrey, P. Danneberg, W. Dischler, and D. Steinhoff, has 
zucht von 10 Rattenstüimmen (BD-Stümme) und Analyse des genetis 
Pigmentierungs-Systems, Arzneim-Forsch., 12, 1962, 911-919. 

* R. Robinson, The Genetics of the Norway Rat, 1965. 
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and had a 30-m. wall around the periphery. It was located in a windowless 
room that was 3.05 m. long, 2.64 m. wide, and 2.94 m. high. During observation, 
illumination was provided by either a 150-w. clear white bulb (bright condition) 
or a 25-w. G.E. Ruby Red light (dark condition) suspended from the ceiling, 
2.76 m. above the center of the field. 


Procedure. All the rats were born in the laboratory and reared under 24-hr. 

artificial illumination, Each rat was handled every four or five days up to 
weaning. Approximately four weeks after weaning, the animals were separated 
into like-sex group cages. They were not handled again until one month before 
testing, when they were moved into individual cages and given five brief 
handlings each week for four weeks. Each rat was then tested once between 
5:30 and 7:30 p.m. when approximately 150 days old. 
. On the test day, after random assignment (within litters) to one of the two 
illumination conditions, the rats were transported singly to the test room where 
they remained alone for 8 min. to adapt to the lighting condition which would 
prevail during the test. E then reentered the room and 2 min. later placed the 
tat (by the tail) into the corner of the field closest to the point where E stood 
while observing it. The rat was allowed to explore for 10 min. with records kept 
of (a) number and pattern of squares entered, with ‘entrance’ defined as placing 
both forepaws in a square, (b) number of seconds spent in the four central 
squares, (c) number of rears, and (d) number of boli. After each rat was tested, 
the field was washed with a mild vinegar solution and dried. The next rat was 
then brought into the room for the 10-min. adaptation period, and so fourth. 
To minimize any odor effects not removed by the washing procedure, the males 
of a strain were tested one week and the females the following week. There was 
a two-month interval between strains. 


RESULTS 


Fig. 1 shows the effects of sex, illumination level, and strain on 
total number of units entered during the 10-min. test. Analysis of 
Variance indicated that all three differences shown in Fig. 1 were 
significant: females locomoted more than males (F = 5.05, df = 
1, 48, p < 05) ; animals entered more squares in the dark than in the 
i [F = 23.41, df = (1,48), p < .001]; and the Long Evans rats 
ocomoted more than the BD-IX rats [F = 13.46, df = (1, 48), 
P < 001]. There were no significant interactions. 

Fig. 2 shows the effects of sex, illumination, and strain on num- 
“a of rearings. It can be seen that females reared more than males, 
* E animals reared more in the dark than in the light, and that there 
m Virtually no difference in frequency of rearing between the 

E Strains, Analysis of variance indicated the effects of sex [F — 

58, df = (1, 48), p < .001] and illumination [F = 4319, df 


= (1, 48), p < 001] to be significant. There were no reliable 
Interactions. 
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MEAN NO. SQS. ENTERED 
LONG EVANS 


DARK 
BD 


J 


Fic. 1. Effects of sex, strain, and level of illumination on mean number of 
squares entered by rats during a 10-min. open-field test. The effects of each in- 
dependent variable are shown collapsed over the other two. The vertical lines 
represent the standard error of the mean. 


MEAN NO. OF REARS 


LONG EVANS 


2 
1 


1 


MALES 


Fre. 2. Effects of sex, strain, and level of illumination on mean number d 
rears by rats during a 10-min. open-field test. The effects of each independen! 


variable are shown collapsed over the other two. The vertical lines represen 
the standard error of the mean. 


Fig. 3 illustrates the effects of the three independent variables 
on number of seconds spent in the central area of the open fiel 
Medians are used because one extremely deviant score in the group 
of male BD-IX rats tested under bright illumination markedly m- 
flated the mean of the group and greatly increased the variance. 
can be seen from Fig. 3 that females spent somewhat more time in 
the central area than did males, that rats in the dark spent almost 
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Fio. 3. Effects of sex, strain, and level of illumination on median soe 
seconds spent in the central area of an open field by rats during & 10-min. 


The effects of each independent variable are shown collapsed over the other 
two. 


three times as many seconds in the central area as did animals in 
the light, and that BD-IX rats spent somewhat more time in the 
central area than did Long Evans rats. Kruskal-Wallis analyses of 
tanked data indicated that only the illumination variable produced 
4significant effect: H = 14.36, df =1,p < .005. - 

Fig. 4 illustrates the effects of sex, illumination and strain on the 
‘thigmotaxic ratio, ie. the number of central squares entered di- 
vided by the total number of squares entered. It should be noted 
that if there were no thigmotaxic factor operating, ùe. if rats nh 
entering squares randomly with respect to location, the expecte 
Value of the thigmotaxie ratio would be .25, since the central four 
Squares of the field constitute 25% of the total area. Given this ee 
Pected value, all groups except the male BD-IXs tested under brig 
illumination could be said to be thigmotaxie, since all had mean 
thigmotaxic ratios which were at least two standard errors less 
than 25. The exceptional group, it will be recalled, contained bs: 
animal which spent most of the test period in the central area of the 

eld. This unusual animal also had the highest thigmotaxie ratio of 
the study: 37, Despite the peculiarities of this animal and the soe 
ance it introduced, analysis of variance supported the pattern O 
differences illustrated in Fig. 4; namely, animals tended to locomote 
M the central area relatively more often in the dark than in the a 

= 4.28, df = (1, 48), p < .05] and BD-IX animals were rela- 
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tively more prone to locomote in the central area than were Long 
Evans rats [F = 18.56, df = (1, 48), p < .001]. The slightly greater 
tendency for females to approach the center as shown in Fig. 4 was 
not substantiated by statistical analysis (F < 1). There were no 
significant interactions. 


LONG EVANS 


Fr. 4. Effects of sex, strain, and level of illumination on mean ratio of central 
Squares entered to total squares entered by rats during a 10-min. open-field test. 
The effects of each independent variable are shown collapsed over the other 
two. The vertical lines represent the standard error of the mean. 


Fig. 5 shows the effects of the three independent variables 0n 
number of boli excreted during the test. Females defecated more 
than males, BD-IXs defecated more than Long Evanses, and rats I 
the light defecated more than rats in the dark. None of these differ- 
ences was statistically reliable, however: F (strain) = 2.01, | 
= 1, 48; F (sex) < 1; F (illumination) < 1. There were no SI 
nificant interactions. 

Table I summarizes the effects of the three independent variances 
on each of the five dependent variables discussed. 


DISCUSSION 


The results of this study permit neither clear confirmation 00° 
clear rejection of Keeler’s hypothesis (see n. 1) that rats homo- 
zygotic for the black allele are tamer than their agouti counter" 
parts. On the one hand, the finding that, contrary to Broadhurst $ 
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o 

. 5. Effects of sex, strain, and level of illumination on mean number of 
Lexereted by rats during a 10-n in. open-field test. The effects of each in- 
t variable are shown collapsed over the other two. The vertical lines 
ent the standard error of the mean. 


(see n. 2), black rats locomoted significantly more than 
rats supports Keeler’s conclusion, if it is assumed that in- 
locomotion represents increased tameness. On the other 
, if it is assumed that decreased thigmotaxis (or wall-hugging) 
represents increased tameness, then the present results refute 
ers hypothesis, since the agouti strain was relatively more 
e to leave the wall and approach the center of the field than 
e black strain. Finally, the lack of a strain effect on the 
ise-sensitive rearing measure suggests that these three kinetic 
of exploration—locomotion, wall-hugging, and rearing— 
not equally sensitive, or even sensitive in the same manner, to 
c differences between the two strains. 

1 additional complexity is encountered when the defecation 
are considered: the lack of a reliable strain difference suggests 
‘the two strains did not differ in terms of ‘emotionality’ in the 
Situation. Since, however, the defecation data also failed to 
d a reliable effect for either the sex or illumination variable, it 
be that defecation is simply an insensitive measure with well- 
ed rats. 

e effect of sex on open-field behavior is consistent, with that 
ed by other investigators: the females locomoted more than 
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males.” The present data also show that females reared significantly 
more than males. Interestingly enough, there was no sex difference 
in the thigmotaxic data. Hence, females were generally more active 
than males but the pattern of their activity did not differ from that 
of males, at least insofar as the thigmotaxic ratio reflects the pattern 
of locomotion. 

The effect of illumination of locomotion is also consistent with 
that reported in other studies: the rats locomoted more in the dark 
than in the light.’ In addition, the present data show that the rats 
reared significantly more in the dark than in the light. It is also of 
interest that the rats were significantly more prone to leave the 
wall in the dark than in the light. One implication of this finding is 
that, in addition to the tendency to maintain contact with a lateral 
surface? the tendency to avoid open, lighted areas also contributes 
to wall-hugging, or thigmotaxic, behavior. This in turn is consistent 
with the assumption (made above) that decreases in wall-hugging 
tepresent decreases in fearfulness. 


1 Hughes (n. 3 above, second reference). 
* Welker (n. 4). 

FR J. Crozier and G. Pincus, Stereotropism in rats and mice, J. gen. 
hysiol., 10, 1926, 195-203. 


EFFECT OF A MOVING VISUAL ENVIRONMENT 
ON LOCALIZATION OF SOUND 


Waran R. Txurtow and Tuomas P. Kerr, University of Wisconsin 


Abstract. Rotation of a striped visual environment about a subject caused - 


displacement, in the direction of that rotation, of the perceived location of (1) 
the ‘straight ahead’ (of the head) and of (2) a source of sound. The mean 
shift in the location of the sound was consistently greater than the mean shift in 
the location of the ‘straight ahead, It is suggested that these effects are related 
to the nystagmie eye movements occurring as a reaction to the moving en 
vironment. 


S" U———-— 


Previous experiments on the effect of a moving visual environ- 
ment on the displacement of a source of sound in the left-right 
direction have not had consistent results. In these experiments, the 
subjects have been placed at the center of a striped cylinder and 
required to localize sounds while the cylinder was either moving 
or stationary. Gemelli found that whether a displacement effect 
was obtained or not depended on whether the subject perceived 
himself as moving.! Arnoult did not obtain significant displacement 
effects.” 

The present experiments were performed to investigate the situ- 
ation further. Preliminary observation indicated that there were 
experimental conditions under which rotating the visual environ- 
ment consistently shifted the localization of sound and that the 
shift in that localization was correlated with a shift in the pe 
ception of ‘straight ahead.’ It is certainly reasonable to expect à 
correlation between the perceived direction of the head and the 
location of a sound, since cues to head position must be taken into 


Received for publication August 11, 1969. The research was supported by? 
grant from the National Science Foundation and facilitated by a research lea? 
granted to the first author by the Graduate Research Committee of the Un: 
versity of Wisconsin. Both authors thank Richard C. Rollefson for his sss 
tance in gathering the data of Experiments I, II, and III. 

1 A, Gemelli, The effect of illusory perception of movement on sou 
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2M. D. Arnoult, Localization of sound during rotation of the visual enviro 
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account in locating sounds. Indeed, McLaughlin and Bower found a 
correlation between the shift in auditory localization and the shift 
in ‘straight ahead’ in experiments with prism displacement of the 
visual field? It was of interest to see whether displacement effects 
in the present experimental situation could be explained completely 
by shifts in the direction of ‘straight ahead.’ 


EXPERIMENTS I, II, AND III 


Method 


Experiment I. The S was seated in a chair, with his head fixed in position 
by a bite bar. A vertical cylinder of striped sheeting 2.5 ft. in radius rotated 
around him at a rate of 1 revolution in 7 sec. The sheeting was commercially 
available striped sheeting (Fig. 1): the width of the darkest wide stripe (a 
dark blue) was 11 mm.; the brightness of the lightest stripe, under the over- 
head illumination used, was 17.6 mL., and the brightness of the darkest wide 
stripe was 3.1 mL. A direction-indicator rod could be rotated by S. Fig. 2 shows 
& schematic cross-section of the apparatus from the left side. The X indicates 
the position of the S’s ears as he sat in the chair. 

A loudspeaker (Electro-Voice MC 8) was placed outside the cloth cylinder 
at ear level (on a stand) and 4.5 ft. from the center of the cylinder's axis (ie. 
45 ft. from a point midway between S's ears as he sat in the apparatus). This 
loudspeaker was placed 32° to the right of straight ahead of S. It was not 
visible to S from inside the cloth cylinder. The sound was a high-frequency 
thermal noise. It was produced by passing thermal noise from a Grason- 
Stadler noise generator (Model 455C) through a Krohn-Hite filter (Model 
330M) set to 7,500-8,000 band-pass. The noise signal then went through & 
Grason-Stadler electronic switch (Model 829-D), amplifier, and transformer, to 
the loudspeaker, The electronic switch was triggered by a Hunter timer to turn 
on the noise for a 10-sec. interval. At S’s ears the sound level (Scale A on the 
“egg meter) was 51 db. The experiments were carried out in a room with 

erglass blanket on the walls to minimize reflections from the walls. 


Fi. 1. Photograph of vertical stripes of cloth cylinder 


*8. C. MeL 1 ; izati judgments of 
straichs aughlin and J. L. Bower, Auditory localization and judgm: 
Taight ahead during adaptation to prism, Psychon. Sci., 2, 1965, 283-284 
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The S first had practice in (a) lining up the indicator rod to ‘straight 
and (b) lining up the indicator rod with the direction of the sound. 
goggles of transparent plastic, with masking tape applied to them in such 8 
that the Ss could not see their bodies or other fixed reference points aboy 
below them. 

The experimental observations made with the striped environment m 
were preceded and followed by control observations made with the sti ipt 
vironment stationary. In the control observations, the S (a) tried to li 
the vertical rod with what appeared to him to be straight ahead. Then ( 
tried to line up the indicator rod with the perceived direction of the s0 
source. Then the observations were repeated in the reverse order. In t 
perimental observations, the S was instructed to look at the stripes on the 

(not at the rod) and try to make the stripes ‘stand still’ perceptually, 
imagine himself as rotating while he made observations of the ‘straight 8 
and then of the sound. This procedure was then repeated with observat 
the reverse order. In all cases where the environment was moved, rotatiol 
to the left. 


FRONT 


INDICATOR CLOTH 
ROD CYLINDER 


Fic. 2. Schematic of experimental setup. The X marks the position 0 
subject’s ears. 


Experiment II. With two exceptions, this experiment was run in the 
way as Experiment I. (1) Instead of S moving the indicator rod, E mo 
and S judged when it was in the proper location. (This change in mo 
judgment was made to check the possibility that results of Experiment I 
have been related to an effect on S's motor response.) Separate judgment 
made when the indicator was started from the left and when it was 8 
from the right. There were, therefore, twice as many judgments in Exper 
II as in Experiment I. (2) The loudspeaker was moved to a position 5° ! 
left of straight ahead of S. This was done in order to have the loudst 
position closer to (but not identical to) being straight ahead of S for | 
comparisons of his judgments of location of sound vs. ‘straight ahead 

Experiment III. Experiment III was run in the same way as Experime 


except that S was additionally instructed to define ‘straight ahead’ 88 
direction in which your head is pointing.” This was done on the groune 
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the term ‘straight ahead’ may be ambiguous if perceived head direction is not 
the same as perceived body direction. 


Results 


Average differences between the results when the environment 
was moving and when it was stationary are shown in Table I. It is 
apparent that there was a shift both in the localization of the sound 
and in the position of ‘straight ahead.’ This shift was to the left—in 
the direction of movement of the striped environment. All mean 
shifts were statistically significant, beyond the .01 level (by stan- 
dard t tests). Very few of the Ss failed to show the shifts. All Ss 
reported that they perceived themselves as moving, in a direction 
opposite to the direction of movement of the striped environment. 
The average amount of shift in localization of sound was consistently 
greater than the average amount of shift in ‘straight ahead’ by 3°- 
5°, although the difference reached statistical significance only for 
Experiment II. In this case, the difference was significant beyond 
the .01 level. 


EXPERIMENTS IV, V, AND VI 
Method 


gene IV. This experiment was run to find whether perception of selí- 
n E was necessary for the displacement effects. Exploratory experimenta- 
Pres owed that the perception was most likely to arise when the vertical in- 
Mor rod was in the field of view and less likely to arise if the time interval 
"dena osure to the moving stripes was short. Therefore, in this experiment, & 
by pu indicator response was used, and the time of exposure Was shortened 
Er S close his eyes except when making judgments. : 
0) Th several exceptions, the procedures were the same as m Experiment II. 
Yun x vertical rod was not here used for the indicator response: 8 pointed 
front t index finger (arm extended) to indicate (a) direction of ‘straight in 
not E is head," (b) direction of the source of sound. S's pointing hand was 
2B wm. field of view. He was not told to try to imagine himself as moving. 
level was told explicitly that the sound was coming from a position at he 
minimis front. It was found necessary to introduce this instruction in order to 
of ES cases of localization of the sound above or behind the 8. The source 
NC ly ee right of straight ahead of S (in terms of his 
us, a O) S kept his eyes closed except when making judgments. 
4 Th e duration of exposure to the rotating stripes was very close to 10 sec. 
p 9 number of judgments made by each S was the same as in Experiment 


Experiment V. Because of the rather small displacement effects in Experi- 
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ment IV, Experiment V made two changes aimed at decreasing variability in 
average results, in order to get increased power of statistical tests. (1) More 
than twice as many Ss were run. (2) A wider band of noise, 6,000-10,000 cps, 
was used, at 52 db. Scale A. One minor change in procedure was also intro- 
duced: (3) S opened his eyes each time before he was given instructions as to 
which location judgment he was to make. 


Experiment VI. This experiment was run essentially like Experiment V, 
except that the indicator response was changed back to that of Experiment Il 
and Ss were asked to try to imagine themselves as moving. We wanted to find 
whether we would get results comparable to those obtained in Experiments I, 
II, and III if we returned to the procedures which had there produced per- 
ceived self-movement. In this experiment, then, (1) the vertical indicator rod 
was used, moved by E as in Experiment II; readings were taken with the 
vertical rod brought in from the left only. (2) Ss were asked to try to imagine 
themselves as moving (for the moving-stripe condition). When they felt them- 
selves rotating, location judgments were measured. 


Results 


Experiment IV. Nine Ss of 10 tested did not perceive them- 
selves moving. The average results for these nine Ss are shown In 
Table I. The mean shift in localization of the sound and the differ- 
ence between that shift and the mean shift in position of ‘straight 
ahead’ were both statistically significant beyond the .05 level. The 
shift in perceived position of ‘straight ahead’ was not statistically 
significant. It is of interest that the sizes of displacements of the 
sound and of the ‘straight ahead’ were smaller than in Experiments 
I, II, and III. However, the difference (4.6°) between the mean shift 
in localization of the sound and the mean shift in ‘straight ahead 
was of the same order of magnitude as that obtained in Experi- 
ments I, IT, and III. Apparently, then, perception of self-movement 


is not necessary for production of a displacement in localization 0 
sound. 


Experiment V. There were 20 Ss in Experiment V (out of 28 
run) who did not perceive themselves as moving. These 20 Ss gave 
mean shifts of 4.2° and 2.7° for localization of the sound and for 
‘straight ahead’ respectively (see Table I). The t tests showed that 
both of these mean shifts were significantly different from zero, 


and were significantly different from each other (beyond the : 
level). 


Ezperiment VI. Results for the 10 Ss tested are given in Tabled 
Mean shifts in localization of sound and in ‘straight ahead’ W' 
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significant beyond the .01 level. The mean difference between the 
two shifts was significant at the .05 level. The results seem quite 
comparable with those obtained in Experiments I, II, and III, which 
were also run with the vertical rod as an indicator of the localization 
of sound and of the ‘straight ahead.’ Further t tests showed that the 
magnitude of mean shifts in localization of sound and in 'straight 
ahead’ was significantly greater in Experiment VI than in Experi- 
ment V (beyond the .05 level). 


TABLE I 


Mean SHIFT IN DEGREES FOR LOCALIZATION OF SOUND AND FOR 
(STRAIGHT AHEAD’ AS A RESULT OF MOVEMENT OF 
STRIPED ENVIRONMENT 


eS SS ee 


Experiments 
I II III IV v VI 

Number of subjects 13 10 10 9 2 10 
Perception of self- 

movement Yes Yes Yes No No Yes 
Shift in localization of 

sound (a) 11.7%% 10.2% 12.9%* 5.1* 4.2%* 12.4** 
Shift in ‘straight 

ahead’ (b) sete gee OE E 


Difference (a — b) 3.2 4.9% 3.7 TE oy 15° 5.3* 


_Diflerence (a ~b) 0 M 


* Significant at .05 level. 
Significant at .01 level. 


DISCUSSION 


The results showed that a moving, vertically striped environ- 
ment has a consistent effect both on localization of sound and on 
location of ‘straight ahead’ (of the head). In both cases there was 
à displacement effect in the direction of rotation of the environ- 
ment, but the displacement was typically significantly greater for 
localization of sound than for location of ‘straight ahead.’ Percep- 
tion of the self as moving was not necessary for the displacement 
effects. Even though displacement effects were found to be larger 
in those experiments where the subjects perceived themselves as 
moving, we are not able to attribute the increased displacement 
effects to perceived movement because of other variables involved. 
For example, the increased displacement might have been due to a 
longer exposure time to the moving stripes, or to use of a visual 
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indicator for localization judgments. Further experiments are n 
essary to separate these variables. ) 

It seems unlikely that the auditory displacement effect is relate 
simply to degree of perceived movement of the visual enviror 
ment. We tested seven more subjects in the same manner as in Ex 
periment V but had them fixate the end of a small rod, 14 in. i 
front of their eyes. These subjects showed an average auditory dis 
placement effect of only 2°. When the eyes are fixated in this v : 
the stripes appear to move much faster then when one looks at tl 
stripes and tries to make them ‘stand still.’ If auditory displacemen 
effects were related to perceived visual movement, one would expel 
a much larger displacement effect when the fixation point was usel 
However, this was not the case. : 

It seems more likely that the displacement effects are mainly re 
lated to nystagmic movements of the eyes. It is well known tha 
nystagmie movements occur to moving stripes. The eyes mov 
with the stripes, then return quickly and start a new cycle. 
Average position of the eyes would then be, not physically stra gh 
ahead of the head, but in the direction of rotation of the stripes. i 
is also known that if the eyes are shifted in direction, the perceived 
position of ‘straight ahead’ is shifted in that same direction. Thu i 
we may have a basis for understanding why the position of ‘straight 
ahead’ is shifted by rotation of the visual environment. 4 

If the position of 'straight ahead of the head' is shifted, it k 
reasonable to suppose that the localization of sound would be shif ei 
—since that localization must take cues of head position into a 
count. But there is an additional consistent shift in the localizatio 
beyond that to be expected from the shift in ‘straight ahead." It 
conceivable that, there may be an additional, direct biasing effe 
of eye position on the sound-localization system. 


 [,P. Howard and W, B. Templeton, Human Spatial Orientation, 1966, 88 
* Howard and Templeton (see n. 4 above), 288. 


EFFECTS OF REWARD STRUCTURE AND 
COGNITIVE DIFFERENCE IN A MIXED-MOTIVE 
TWO-PERSON GONFLICT SITUATION 


Leon Rappoport, Kansas State University 
and Georcs CveTKOvicH, Western Washington State College 


Abstract. A two-factor reward structure permitting variation of the degree 
to which one person may profit at the other's expense was employed to study 
conflict between persons working together on an uncertain judgment task. 
The results show that conflict varied as a complex function of reward factors, 
experience with the task, and discrepancy between the persons’ initial views of 
the task. Judgmental accuracy was also affected. These findings suggest that by 
emphasizing unitary reward structures at the expense of important psychologi- 
cal factors, prior studies of mixed-motive conflicts have oversimplified a com- 
plex phenomenon. 


a ü Zë O ———— — — 


The literature on interpersonal conflict (IPC) is dominated by 
gaming formulations which treat competitive reward structures as 
the cause of conflict. In zero-sum games, à player can only profit 
at the expense of his opponent; in nonzero-sum games, the same 
condition obtains, but here both players can make an intermediate 
profit if neither tries for the maximum.! An alternative approach 
to IPC treats discrepant meanings as the cause of conflict.? And it 
has been shown that persons attributing different meanings to a 
given cue disagree even in the presence of a fully cooperative re- 
Ward structure? Heretofore, however, mixed-motive conflicts have 


Received for publication March 27, 1969. This work was supported by NSF 
Grant GS-1912, Partial results were reported at the 1969 convention of the 
Southwestern Psychological Association. The authors thank Terry Applegate 
pa Lodis Rhodes for their help in running the experiment. — 
padi- Deutsch and R. Krauss, Studies of interpersonal bargaing, J. Conf. 
«GL, 6, 1962, 52-76; A. Rapoport and C. Orwant, Experimental games: A 
eview, Behav. Sci., 7, 1962, 1-37. i 
. Hammond, New directions in research on conflict resolution, J. soc. 
(o 1965, 44-66. d oni 
- Rappoport, Interpersonal conflict in cooperative and uncertain situationa, 
T ezp. soc. Psychol., 1, 1905, 323-333; K. Hammond, F. Todd, M. Wilkins, and 
mog itehell, Cognitive conflict between persons: Application of the “lens 

el” paradigm, J. exp. soc. Psychol., 2, 1967, 343-360. 
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been studied only according to the model for nonzero-sum games, 
The present study investigated them according to a modified ver- 
sion of Hammond’s cognitive-conflict paradigm. 


METHOD 


In its original form, the cognitive-conflict paradigm involved “two persons 
who (1) attempt to solve problems which concern both of them, (2) have 
mutual utilities (their gain or loss derives from their approximations to the 
solution of the problem), (3) receive different training in the solution of a 
problem involving uncertain inference, (4) are then brought together and find 
themselves dealing with a familiar problem which their experience apparently 
prepared them for, but (5) find that their answers differ, and that neither is 
as good as it has been, although each answer is logically defensible and, (6) 
who must provide a joint decision as to the correct solution and, therefore, 
(7) must adapt to one another as well as to the task if they are to solve their 
problems. These conditions were chosen so that the research paradigm would 
include those circumstances in which men find themselves when attempting to 
deal with problems to which they bring different and inadequate cognitive 
systems,”4 

In the present experiment, point (2) above was changed, to give Ss related 
utilities: their individual gain depended both on their collective approximation 
to the correct solution and on the degree to which each could impose his own 
viewpoint on the other as they worked to agree on a joint answer. The reward 
Structure can be expressed symbolically as a two-factor equation: 


IG = f(CA) + f(P), 


where IG is individual gain, CA is collective accuracy, and P is persuasion of 
the other. By differentially weighing CA and P, it was possible to specify the 
degree to which a competitive element was introduced into the experimen! 
situation, 

A second change from the original description of the paradigm concerns 
point (3) above. Instead of training Ss to interpret cues differently, they Were 
here selected by means of a preliminary assessment instrument and paired 
according to whether they had different or similar views of the experimental 
problem. This selection procedure has been found to be as efficient as tram- 
ing when a realistic task is employed,’ and it is desirable on other methodolog- 
ical grounds, 


Task. The experimental task was to judge racial strife in 15 hypothetical 
communities. For each community, three 10-point cues described the degree! 
of integration in education, in housing, and in jobs respectively. Depending 
upon the values defined on these cues, the Ss were to agree on the amount 0 
racial strife likely in each community, This criterion had 20 points, r 


* Hammond, Todd, Wilkins, and Mitchell (see n. 3 above), pp- A 
* L. Rappoport, Cognitive conflict as a function of socially-induced cogn! 
differences, J. Confl. Resol., 13, 1969, 143-148. 
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from minimum to maximum strife, and included plausible descriptions of a 
realistic range of conditions of such strife. The mathematical structure of the 
15-trial task was such that the housing cue correlated —.92 with the criterion, 
while the education and job cues were not significantly related to the criterion. 
None of the three cues was significantly correlated with the other two cues, and 
the multiple correlation between all three cues and the criterion was .93. The 
task therefore contained irreducible uncertainty, but since Ss were allowed free 
discussion on every trial and were given feedback on their accuracy after each 
joint judgment, they learned to make better than chance judgments as trials 
proceeded. 


Design. The three experimental conditions manipulated as independent 
variables were these. (1) ZG ratios: Ss were paid after each trial according to 
either an 80CA/20P or a 20CA/S0P ratio. This was calculated from a matrix 
explained in advance and kept before the Ss throughout the experiment (see 
Fig. 1). Thus in the 80CA/20P condition, each S received 80% of the maximum 
payment possible on each trial depending upon how close the joint judgment 
was to the correct answer. He (e.g. 81) received 20% of the maximum possible 
depending upon how far he could persuade the other (S:) to depart from his 
initial judgment of the criterion in the direction of his (Si) initial judgment. 
The scheme was reversed in the 20CA/80P condition. (2) IG levels: in the low- 
pay condition, Ss could make up to 30 cents on each trial. In the high-pay 
condition, they could make up to a dollar on each trial. (3) Cognitive differ- 
ences: 80 college students, men selected according to their judgments of the 
amounts of racial strife indicated by rectangularly distributed test patterns of 
the three cues (ie. the cognitive-difference assessment instrument) were ar- 
ranged to provide 20 cognitively, different (CD) and 20 cognitively similar (CS) 
pairs, These Ss were drawn from a larger pool of approximately 150 who had 
all completed the assessment instrument. The CD pairs were composed of Ss 
Whose judgments on this instrument correlated an average of —.77 with one 
another; the average intercorrelation of those making up the CS pairs was 
+-.79. For purposes of analysis, the 15 trials were treated as a fourth factor 
involving five three-trial blocks, thereby casting the entire experiment into 


Pa form of a four-way analysis-of-variance design with five pairs of Ss in each 
cell, 


RESULTS AND DISCUSSION 


Conflict. Conflict was measured on every trial by the discrepancy 
between the initial judgments of each pair of Ss as they sought to 
agree on a joint judgment. For the main effects, the results of the 
four-way ANOVA on conflict scores were: trials (F = 5.75), p < 
001; IG levels (F = 3.40), p < 10; cognitive differences (F = 
3.18), p < .10; and IG ratios (F < 1.0). However, the most im- 
portant results concern the interactions plotted in Fig. 2. The inter- 
Action of trials, IG level, and cognitive difference [(F = 4.16), p < 


* Full ANOVA summary tables are available upon request to the first author. 
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Fig. 1. Paired subjects working on experimental task 


01] indicates, as has been shown in prior studies of cognitive conflict 
(see nn. 4 and 5), that CD pairs have more conflict, at the outset 
than CS pairs and that conflict is reduced in both groups with in- 
creasing trials. But, IG level here interfered: instead of coming to- 
gether over trials, the CD and CS pairs in the high-pay condition 
(high IG level) spread apart. Moreover, individual mean compari- 
sons show that while CS pairs ended at about the same low level of 
conflict as that at which they began, CD pairs in the high-pay con- 
dition (high IG level) had significantly more conflict at the end than 
they did at the beginning. It seems clear that different pay levels 
have strikingly different effects on the course of conflict, between 
who initially think differently about a mutual problem. 

In a somewhat different way, the same conclusion applies to the 
effect of IG ratios on conflict. The overall interaction of trials, 
IG ratio, and cognitive difference [(F = 2.07), p < .10] was only 
of borderline significance because of variability in the data follow- 
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ing the first block of three trials. In Trial Block 1, however, data 
plotted (and individual mean comparisons) show that while con- 
flict was similar for CD and CS pairs in the 80CA condition, it was 
sharply different for the pairs in the 80P condition. At both IG 
levels (high- and low-pay conditions), the 80P condition increased 
conflict in CD pairs; it had no significant effect for CS pairs in the 
high-pay conditions and a barely significant, negative effect for 
CS pairs in the low-pay conditions. Note also that across all trial 
blocks in the high-pay conditions, the IG ratio had fairly consistent 
effects on conflict: eight of the ten 80P data points here were 
higher than the corresponding 80CA data points. It therefore 
appears that a competitive orientation induced by gearing payments 
mainly to persuasion rather than to collective accuracy has a greater 
effect on conflict in CD than in CS pairs, especially at the outset 
of the judgment task. 


Accuracy. Collective accuracy, measured in terms of the dis- 
crepancies between Ss’ joint judgments and the actual values of the 
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criterion, is shown in the form of error scores plotted in Fig. 3. 
The results of the four-way ANOVA on these scores indicate 
that of all possible main effects and their interactions, only two 
were significant at even a borderline level: the main effect of trial 
blocks [(F = 37.75), p < .001] and the main effect of IG ratios 
[(F = 7.01), p < .05]. The data plotted makes interpretation of 
the former obvious: errors were small at the outset, grew larger as 
Ss sought perfect accuracy, and became small again as they 
learned the nature of the uncertain task. The more important result 
concerns IG ratios. Errors for all pairs were significantly greater 
in the 80P than in the 80CA condition. This result is reasonably 
clear in the data plot, but it does not seem dramatic because the 
variability of the error scores was very high. However, the major 
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finding here is that the competitive orientation induced by the 
80P condition impeded collective judgmental accuracy. 

In general, our results show that when the cognitive-conflict 
model was modified to create a mixed-motive situation, the result- 
ing conflict was most severe for persons who initially thought 
differently about their mutual problem and who were working 
under conditions where payoffs were high and geared to a com- 
petitive reward system. The latter factor also reduced collective 
accuracy. These findings are relevant to—but more complex and 
less pessimistic than—those developed in research based on the 
model for nonzero-sum games. The long runs of conflict typically 
found in gaming studies did not here occur. Instead, conflict ap- 
peared to vary as a complex function of reward structures, 
the discrepant meanings people attribute to cues, and the amount 
of experience people have on the experimental task. 


NOTES AND DISCUSSION 


GOLDEN SECTION: 
REASSESSMENT OF THE PERIMETRIC HYPOTE 


J. M. Hiwzz and T. M. Nzrsow, University of Alberta ` 


Abstract. By employing modern ophthalmological equipment, this st 
reassessed the hypothesis that the shape of the binocular visual field de! 
aesthetic preference for rectangular forms approximating golden-section 
sions. It also reexamined the finding that aesthetically preferred rec 
oriented in correspondence with the horizontal orientation of the 
visual field. The results indicate that the proportions of the binocular 
field should not be used to explain preference for rectangles having 
section characteristics. They also question the relation thought to exist 
preferred orientation of rectangles and orientation of visual field. 


Stone and Collins have attempted to explain preference for. 
tangular forms approximating golden-section dimensions. Ace 
ing to them, properly oriented rectangles with such propor 
contain at least 90% of the area within the outline of the bino 
visual field (the natural binocular field subtends 200° laterally 
130° vertically).? Preference presumably arises because such 
fit the natural binocular condition. 

But when Schiffman studied the relation between the prefe 
orientation of drawn rectangles and the horizontal orientation 
the binocular visual field, he had some difficulty eliciting draw 
of rectangles approximating the golden section. Prefe 
tangular width-length ratios were less than the golden sec 
with a modal value between .459 and .560 and a median valu 
.500. Aside from this, however, he confirmed the predicted 
between response orientation and visual-field orientation. He i 


Received for publication September 8, 1969. m 
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suggested reexamination of the perimetric hypothesis using other 
measures of the binocular field. 

The present paper reports such a reassessment employing mod- 
ern ophthalmological equipment. If the perimetric hypothesis is 
valid, individual preferences ought to shift in accord with the over- 
all form of the functional binocular field. 


METHOD 


Subjects. Twenty sighted Ss were drawn from University of Alberta students 
and University of Alberta nonacademic employees. The age range of the sam- 
ple was 18 to 61 years, the mean age being 3245. There were 10 men and 10 
women. No visual pathology was reported that was not due to refractive media. 


Apparatus. Rectangular outlines with constant areas of 81 sq. cm. and 
width-to-length ratios of .10, 20, 30, 40, 45, 50, 55, 60, 65, 70, .75, 80, 90, 
and 100 served as targets. The rectangles were drawn with black ink on 10 
X 12 in. off-white paper. A Hans Goldman perimeter (manufactured by Haag- 
i Co., Berne, Switzerland) was employed to measure peripheral visual 

elds.* 


Procedure. Targets were presented from a distance of 40 in. behind & 24A 
x 25 in., black field stop. Peepholes were cut into this so as to allow binocular 
viewing with eyes fixed at a height representing the center point of the target. 
The target was illuminated by fluorescent fixtures providing 23 ftc. on the 
target surface. 

The Ss were comfortably seated in front of the field stop and instructed. 
Briefly, they were told that the experiment was an investigation into preference 
for rectangles which would vary in proportion. They were also told they would 
be presented with three cards on a number of occasions and should choose the 
rectangle they found most aesthetically pleasing, that next most pleasing, and 
the least pleasing. The aesthetic experience was stressed and no time limits 
indicated, 

Aesthetic preference for the chosen rectangles was determined by & process 
m! successive approximations. The Ss were initially presented with rectangles 

aving ratios of .30, 60, 80, and their first, second, and third choices were re- 
Saleen The criteria for preferences in the first set was the rectangle chosen 
poe thirds of the time in a minimum of six trials. Presentation positions were 
he omized. Following this, a new set of rectangles representing proportions 
ae in the range of the first and second choices was offered, and the same 
ay procedure used, Using this technique, it was found possible to deter- 

h € each S's preference within a range of five rectangles by Trial Block 12. 

do. five rectangles were then presented three at a time in all possible combi- 
ions for 10 trials. The rectangle preferred most frequently in the final trial 
ock was taken to represent S's preference. After preference was determined 

Y this method, Ss were asked to draw their most aesthetically pleasing rec- 


4 
For a complete description, see Harrington (n. 2), p. 31. 
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tangle. Drawings were made with a pencil on 8 X 10 in. sheets of white paper. 
Corrections were permitted, and again the aesthetic component of the response 
was stressed, Finally, each S was instructed to orient his drawn rectangle to a 
position considered most aesthetically pleasing. 

Following experimentation, visual fields were measured by a professional 
clinical perimetrist.5 The technique employed involved viewing a field in which 
a round white target (3 mm. in diameter and transmitting 100 mL.) moved in 
and out of the visual field. The Ss were examined at 48 peripheral points, each 
separated by intervals of 73^, and the target was moved clockwise and from 
outside the binocular visual field into the binocular visual field. Each § re- 
ported when he first saw the object come into view. 


RESULTS AND DISCUSSION 


Chosen and drawn rectangles compared closely in value but 
ranged in width-length ratios from .20 to 1.00 and from .19 to 98 
respectively. In general, the width-length ratios of chosen and 
drawn preferences were less than the golden-section ratio. The 
median for chosen preferences was .558 and the median for drawn 
preferences was .545. Since skewing toward lower values was pres- 
ent, the modal values tended to approximate golden-section di- 
mensions more closely, particularly for the choice data. The mode 
was .60 for chosen preferences and .57 for drawn preferences. The 
mode included 28% and 20% of the cases respectively. In the limits 
-55-.65, which range includes the golden section, the percentage of 
Ss became 40% in both cases. 

Orientation data were not in close agreement with those of 
Schiffman and thus questioned the relation posited between Te 
sponse orientation and visual field orientation. Only 80% of the 
Ss oriented their drawn rectangles horizontally, whereas Schiff- 
man reported 97% correspondence. One S preferred a vertical 
orientation, and three Ss oriented their drawings to the shape ofa 
diamond. 

Accepting the validity of these results, width-length ratios of 
the Ss’ chosen rectangles were correlated with the width-length 
ratios of their visual field’s “average rectangle" (see n. D The 
coefficient of correlation calculated was 279, indicating little 1°- 
lationship between the variables. Further, inspection of the data 
shows that the ranges of the two variables were distinct. Pref- 


5 The authors would like to thank Miss Barbara Salter, A-H.A., of the "n 
versity of Alberta Hospital Glaucoma Clinic, for her cooperative spirit 
measuring the visual fields. 
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erences extended from .20 through to 1.00, whereas the average 
rectangle of the visual field was never less than .47 or greater than 
84. When the data are plotted as in Fig. 1, the points fall in only a 
small portion of the graph rather than being distributed along the 
diagonal as predicted. Thus, the theoretieal expectation was not 
born out. It does not appear likely that preferences for rectangles 
that approximate the golden section can be reduced to character- 
istics of the binocular visual field. 

In sum, aesthetically pleasing proportions of rectangles were 
ascertained using two procedures. Preferences obtained from one of 
these methods were then correlated with the average rectangle of 
the visual field, which was caleulated from data provided by a 
professional clinical perimetrist. The measurements were unreliably 
correlated, which suggests that relation between the variables is 
spurious. It appears that the proportion of the binocular field should 
not be used to explain preferences for rectangles having golden- 
section characteristics. It also appears that the preferred horizontal 
orientation of rectangles is not as firm as earlier work suggests. 
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INSTRUCTIONS AND KNOWLEDGE OF THE SITUATION 
IN BRIGHTNESS PERCEPTION 


Martin S. LiNpDAvER and Rocer F. Bavsr, 
State University College of New York at Brockport 


Abstract, The influence of information and instructions on brightness pere 
ception was investigated under conditions where either ratio or retinal matches 
were possible. Unlike most earlier studies, this one found no effect of experi= 
ence: both trained and control groups showed identical ratio responses. 
importance of obtaining perceptual rather than cognitive reports is emphiüe 
sized in accounting for the apparent contradictions in the literature. 


Experience and training have been shown to influence the per- 
ception of shape, size, and brightness! It is of particular note ths 
constancy for each has also been shown to be affected by instruc- 
tions requiring observers to make retinal rather than phenomenal 
reports of their observations? The susceptibility of such basie 
phenomena to learning has been argued strenuously by the trans- 
actionalists and to a lesser degree, by gestaltists as well3 But it is 
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surprising to find brightness included among those phenomena 
shown to be affected by experience. MacLeod's early investigation 
did not find it so, nor would such an effect seem consistent with 
the great body of work which places brightness perception within 
a psychophysical framework.* Furthermore, in contrast to shape 
and size, brightness is thought of as being more stimulus-bound 
and dependent upon retinal factors.5 Thus, the treatment of bright- 
ness and brightness constancy as a function of ratios of intensities 
explicitly rules out the traditional explanation of ‘taking illumina- 
tion into account,’ i.e. denies the role of knowledge. Finally, every- 
day observations of objects in different illuminations (and the ob- 
servations in the Gelb and Katz demonstrations) do not appear to 
be events easily amenable to phenomenal change as à result of 
knowledge of the situation or of conscious attempts to reverse 
one’s percept.” 

The purpose of this study was to investigate whether maximizing 
observers’ critical understanding and approach to a brightness- 
perception task would indeed lead to a change in the outcome. To 
this end, two groups differing in their knowledge of the situation 
and in their instructions were asked to make brightness matches 
under ratio conditions of illumination. Thus, the structural factors 
thought responsible for brightness perception would be shown to 
Persist if observers made ratio rather than retinal matches despite 
circumstances which favored the opposite result. 


METHOD 


ae part of their research requirements during the beginning weeks of a per- 
Ption course, 41 undergraduate Os were randomly divided into two groups, 
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trained (N = 20) and control (N = 21); there were 10 women in the former 
group and 14 in the latter. Although both groups were knowledgeable about 
the psychophysics and sensory aspects of perception, as well as shape per- 
ception, the topic of the constancies or of brightness had not yet been pre- 
sented. Prior to the experiment, the trained (informed and instructed) group 
received a 20-min. lecture and discussion on brightness perception and con- 
stancy, including an explanation in terms of ratios of intensities and a demon- 
stration of the apparatus to be used in the experiment.’ In addition, at the 
time of the experiment, they were told to make brightness matches that would 
offset, any ratio effect by concentrating on the inner fields of discs of the stand- 
ard and variable panels, and try to ignore the surrounding outer fields or rings 
of light, ù.e., to make a retinal match. The control (uninformed and uninstrue- 
ted) group was given no special preparation or instructions, but simply told 
that they were participating in an experiment in which they were to match the 
brightness of two dises until they appeared to be the same, i.e. to make a phe- 
nomenal match. (In previous demonstrations and experiments to which Os had 
been exposed, the importance of immediate and spontaneous reports had been 
emphasized.) 

The panels containing the two sets of standard and variable rings and discs 
were slightly separated from each other; there was a distance of 26 in. between 
their centers. A black barrier was extended between the panels to ensure the 
separation of the electroluminescent-light sources, which could be independently 
and continuously varied. The discs were 41 in. wide, the contiguous rings 14 in. 
wide; their overall diameter was 7% in. The study was conducted in a dark 
room, in two separate group sessions. There were four settings of the ring and 
disc of the standard (in ftL.) : 20:10, 3.0:1.0, 40:10, and 50:10 (ie. ratios of 
2, 3, 4, and 5:1 respectively). Corresponding to each of these values, the ring 
of the variable was set at 4.0, 44, 1.6, and .5 respectively. Consequently, retinal 
matches in the variable dise would be values of 1.0 in all four cases, while ratio 
matches would be 20, 1.5, 4, and .1 respectively, i.e. equivalent to the ratios 
present in the standard. One ascending and one descending trial alternated for 
each of the four settings, randomly presented by the method of limits. Begin- 
ning well below or above the limits for both retinal and ratio settings of the 
variable dise, E manipulated and called out the dial values at intervals of 8P- 
proximately .2 ftL.; these units were arbitrarily related to the actual lumines- 
cences involved. In order to approximate the conditions usually found in in- 
dividual testing, Os were told to note and remember that value which desi 
nated a brightness match, and to write it down on their data sheets only 2t 
end of the trial. They were cautioned not to change the initial value chosen 
even if subsequent settings appeared to be better choices. Postexperimental in- 
terviews indicated that these procedures were followed. The room lights were 
turned on at the end of each trial. The distance between the nearest O and the 
panels was 6 ft.; for the O sitting farthest away, the distance was 18 ft. Os were 
no more than 35 ft. (for near Os) or 5 ft. (for far Os) away from a central view 
of the apparatus. 


* The explanation was based on Wallach (nn. 5 and 6). The apparatus v 
Brightness Comparator V-0659, Polymetric Co., 1415 Park Avenue, Hoboken, 
N. J. 07030. 
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10. 1, Brightness settings of trained (T) and control (C) groups 


RESULTS 


Ee 3 indicates, both trained and control groups made bright- 
and oui ches which were nearly identical with ratio expectations 
quite divergent from retinal values. The overall mean (and 
EL antago deviations from a ratio match by the trained and 
a differ Oups were 13.40% (8.17) and 12.43% (7.60) respectively, 
relation P which was not significant [t (39) = 88, p > 05}. (In 
control retinal predictions, the deviations of the trained and 
Tespecti groups were, of course, much larger: 76.37% vs. 72.87% 
vely.) There was no difference between the two groups at 
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each of the four settings, using the original ftL. data [t (39) 
S L81, p > .05]. While the deviations from a ratio match sig- 
nificantly varied between settings for both trained and control 
groups [F (3, 57) = 3.09, p < .05 and F (3, 60) = 6.50, p < 0l 
respectively], this was contributed by the 4:1 and 5:1 positions. 
Because the units involved were so small (.1—4 ftL.), small de- 
viations became relatively large when converted to percentages. 
An examination of the individual scores confirmed that they 
clustered about ratio rather than retinal expectations. Thus, from a 
total of 164 scores, there were only 11 cases in which matches were 
closer to retinal than to ratio values: eight cases in the control 
group (all but one at the 3:1 setting, where variable and standard 
values were closest to one another) and three in the trained group. 
Finally, there was a significant, difference between ascending and 
descending trials at all settings but one (5:1; t < 1), the latter 
sequence receiving brighter values [t (19 and 20) > 2.56, p < 
-05]. However, these differences nonetheless remained closer to 
ratio than to retinal matches. The mean percentage deviations 
from a ratio match for the ascending and descending series were 
17.83% and 11.67% respectively, while the deviations from a re- 
tinal match were 61.33% and 79.00% respectively. Further, there 
were but 15 instances (again, the majority of them at the 3:1 


ratio), all for ascending trials, in which matches were closer to 
retinal than ratio expectations. 


DISCUSSION 


Since both trained and control groups fulfilled ratio rather than 
retinal predictions, it appears that informational indoctrination and 
instructional set to respond otherwise were ineffective in influen- 
cing brightness perception. The group and individual data wer 
quite clear and consistent on this, even though but two measures 
were taken at each of the four settings and the less precise group 
procedures were used. Postexperimental inquiry also revealed that 
the trained observers struggled to make retinal matches, using such 
techniques as squinting and cupping their hands in order to make à 
reduction screen that would eliminate the surround. 

In order to account for the results of the studies that did find 
instructions to have an effect on brightness perception, it shou 
be noted that those studies did not inform observers about the 
nature of brightness perception, except to the extent of defining 
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attitudes toward the task.? It is interesting that the only other study 
to show no effect of instructions was one which, like the present 
study, fully informed observers about the phenomenon.” Para- 
doxieally, this implies that the perceptual set established by in- 
struetions alone must have been stronger than the set initiated by 
including information that would presumably lead to more com- 
plete comprehension. This anomalous situation suggests that the 
critical difference between positive and negative studies may be a 
matter of how the observers responded to the instructions. With 
little understanding of the phenomenon being observed, they may 
have come to rely on the experimenter’s instructions and reacted in 
terms of what they thought was expected of them. They may, in 
effect, have thus produced cognitive rather than perceptual re- 
ports of brightness. 

While none of the studies in question provide information on the 
observers’ qualitative reactions, Landauer appears aware of the 
issue? That he found no significant intra-observer variability he 
took as indication of an absence of vacillation or uncertainty, which 
he then used as proof that the observers understood the task. Yet, 
according to the present argument, this stability of report may 
just as well have been due to consistency of judgment as to con- 
stancy of perception. The fact that studies have used a situation like 
Katz's (ie. two compartments differing in illumination, see n. 7) 
lends itself to this argument. This is because the proximal stimulus 
's somewhat equivocal in the more realistic situation, since ratios 
of intensity are given indirectly, in terms of reflectance or albedo, 
tather than directly, as in the present instance. Consequently, the 
yeaa of a textured surface may yield small but varying inten- 
ES and the spatial separation between interacting fields may re- 
ji e the necessity of their relationship. Because the surface colors 

e somewhat ambiguous, there is therefore more latitude for inter- 
Pretation under conditions that experimentally induce judgments. 


9 E 1 j 
(as Those studies were the ones by Landauer, Landauer, and Parrish and Smith 


€ the first three ref i 
1 eferences in n. 2). 
» qr MacLeod (n.4 above). ) 
591; T Ne tsoulas, Interpreting perceptual reports, Psychol. Bull., 70, 1968, 575- 
9-273. atsoulas, What are perceptual reports about? Psychol. Bull., 67, 1967, 
gruity in e S. Lindauer, Reply to Harris’ comments on “Experience with con- 
a adds e perception of incongruity,” Psychon. Sci., 15, 1969, 79. 
15 The Auer (n. 2, second reference), 80-81. A 
bilities authors wish to thank Dr. Wallach for suggesting some of these possi- 
as contributing factors. 
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Edited by JULIAN HOCHBERG 
Columbia University 


HUMAN INFORMATION PROCESSING: INDIVIDUALS AND GROUPS 
FUNCTIONING IN COMPLEX SITUATIONS. By H. M. Scmnoprm, M. J. 
Driver, and Siecrrrep Srrevrertr. New York: Holt, Rinehart and Winston, 
1967. Pp. viii, 224. $7.95. 

This monograph describes a research program that emphasizes the abstract 
structural properties of both conceptual systems and environmental situations. 
Such a program can study the interaction of environmental complexity (or 
stress) and level of conceptual structuring in a wide variety of content areas 
ranging from group to individual functioning in educational, game-playing, 
and other complex settings. The authors achieve such generality by focusing 
on the way individuals process information in a given situation rather than on 
the content of this information, For a given individual in a given situation, 
his way of handling the environmental input can be indexed, according to the 
authors, on a scale that varies from very low integrative complexity (concrete) 
to very high integrative complexity (abstract). Using a variety of indirect 
measures, the authors present data, on both groups and individuals, that sup- 
port their updated version of the Yerkes-Dodson law: as environmental com- 
plexity or stress increases, the individual or group conceptual structure be- 
comes progressively more abstract up to a maximum and then declines as the 
environmental overload increases. They further demonstrate, as hypothesized, 
that the difference between individuals who are initially more conceptually 
complex and those who are conceptually simple shows up more in the middle 
range of environmental complexity than at the extremes. 

Both the strength and weaknesses of the research reported in this book stem 
from the fact that the authors have not yet committed themselves either to & 
clear formal definition of integrative complexity or to a standard procedure 
for measuring it in a given situation. This is a strength because it has enabled 
them to test their model in a variety of complex situations in which it 
would be impossible to directly measure abstractness of conceptual struc- 
tures. Instead, they have been free to adapt the measuring instrument an 
indexes to each particular context. Sometimes their indexes are derived from 
sorting procedures, from paragraph completions and other projective devices, 
or from similarity judgments of pairs. Integrative complexity is inferred from 
subjective ratings of written products, from multidimensional scaling of similar- 
ity spaces, from flexibility in changing impression formations, and so forth. By 
avoiding premature commitment to one type of index or one form of — 
ment device, the authors have left themselves room for further explication ° 
their construct in terms of consistent behavior of a multiplicity of indexes 
across a variety of settings. "s 

The authors seem well aware of the weaknesses that are also inherent In this 
approach. When a number of their separate indexes behave the same way 
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s given study, the temptation is to use this as further support for their con- 
struct, When the different measures behave somewhat differently within the 
same study, as happens in some of the ones reported in the book, the authors 
are able to suggest provocative reasons for the different levels at which the 
indexes peak, and so on. And, finally, it is easier to find some subset of measures 
that will follow the U-shaped hypothesis in each different situation provided 
no commitment is made in advance as to which particular combination of in- 
dicators best reflects level of integrative complexity. Despite these weaknesses, 
the overall picture that one gets from the varied studies covered by the 
monograph is quite encouraging. 

Although the idea behind this program is exciting and although the authors 
are apparently well on their way to developing feasible methods to study the 
interaction of environmental pressures and individual conceptual structures, 
this reviewer found the book rather difficult to read. I cannot decide whether 
this reflects a fault of the exposition, an inevitable consequence of presenting 
thinking and data that are still in progress, or the fact that the conceptual 
underpinnings of their approach just happen to be difficult to communicate. 
At any rate, the first 54 pages present the working model in an abstract man- 
ner with no aid either from concrete referents or from formal definitions. The 
reader is not told if this dimension of integrative complexity is & logical 
construct, a generalization from empirical data, or a refinement and exten- 
sion of such previous ideas about abstract conceptual structures as those of 
Lewin, Piaget, Zajone, and others. Some concrete paradigms would help the 
reader to better grasp the somewhat vague ideas behind this way of ordering 
qlormation-processing strategies. At the other end, some formal machinery 
or defining dimensions, values on dimensions, combinatory rules, similarity 
qus and other elements of the model (machinery such as that used by 

unt and Restle, for example) would help to avoid ambiguities at various 
DN in the discussion. It is not always clear, for example, whether integra- 

Me complexity implies a reordering of items on a given dimension, complex 
3 Eee rules for combining dimensions, applying more than one type 
with mbinatory rule to the same set of dimensions, spanning more elements 
of iu given set of dimensions, or all of these. An early definition of degree 
— ae complexity, for example, emphasizes the number of different 
i de Eu rules that the individual can apply to the same set of dimensions 
3 aling with a given set of objects. Yet, one of the favored measures of 

^: ridi complexity derives from using multidimensional scaling methods 

e ag that the subject uses one combinatory rule consistently 
m md the Euclidean rule), Indeed, in the studies using indexes derived from 
With ^C remp scaling, one might argue that the data are more consistent 
Hine, x i that integrative complexity implies the ability to use bd hd 
Thine rule consistently across an entire domain of objects. A truly pet 
produce ang to strict interpretation of the authors’ definition, shou 

Tera "ia pha solution that is pure hash. he 
clearly me seems that only the concrete end of the abstract-concrete Be A 
" Ere. The lowest level of integrative complexity is exempi". A. 

ed ya ual who uses a small number of dichotomous dimensions in a koe A 
imensi y in dealing with items in a given environment. As the number o 

Ons a person employs increases and as he makes finer discriminations 
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on each dimension, the opportunity and probability of his becoming inte 
gratively complex increases. The authors do not want to identify their con- 
struct in terms of an increase in differentiation and discrimination. Instead, 
they argue that integrative complexity requires flexibility in combining and 
recombining the differentiated dimensions according to a number of different { 
combinatory rules. The major weakness in their presentation, however, is that 
they have failed to demonstrate convincingly that they are dealing with 
something more than differentiation or discrimination. All of their studies 
using multidimensional sealing, for example, are consistent with the idea that 
dimensionality behaves according to the manner they have hypothesized for 
integrative complexity; at the same time, these measures based on multi- 
dimensional sealing can be interpreted as inconsistent with the idea that 
flexibility in using combinatory rules behaves according to hypothesis. 

A careful reading of both the text and the appendixes suggest that the 
authors are aware of most of the problems and difficulties in the pursuit of 
their goals. They are to be congratulated for not letting these difficulties hinder - 
them from plunging ahead despite what would appear to be formidable ob- - 
stacles. The results reported seem to justify their point of view. Their ap- 
proach illustrates the integrative complexity and flexibility that psychology | 
needs if it is to generate concepts and laws that truly generalize beyond 
specific situations and tasks, 


Ray Hyman, University of Oregon 


CONTEMPORARY THEORY AND RESEARCH IN VISUAL PERCER 
TION. Edited by Rauem Norman Haser. New York: Holt, Rinehart an 
Winston, 1968. Pp. xi, 814. $12.50. 


It is exciting to compare this new collection of research reprints with its 
ancestor of the 1950s, Beardslee and Wertheimer's Readings in Perception 
The study of perception has prospered since the time it was an exotic trans 
plant from abroad; nourished by new roots in information processing and 
neurophysiology, it aspires again to the central place in psychology. The new 
collection shares only two articles with the old, and those prophetic: Bruners 
“On Perceptual Readiness” and George Miller's “The Magical Number Seven, 
Plus or Minus Two.” Missing from both books, but prominent in its citation 
be new, is Garner, Hake, and Eriksen’s development of the technique 9 
converging operations, ; 

Since there are no less than 79 studies reprinted here (plus an extraordinary 
one published for the first time), none more than 15 years old, it would be * 
thankless task to discuss specific articles. For the areas covered, however 
the prospective reader can be assured that many of the seminal articles 8° 
here. These areas, briefly, are (1) the sophisticated new techniques and hd 
cepts of perception measurement, which are turning hitherto subjective notio g 
—such as that of image—into well-anchored empirical constructs, e.g. the 
detection theory, operant discrimination, cómputer-generated stimuli; A n 
neuropsychology of perception; (3) what might best be called visual cognitio : 
attention, pattern recognition, and the transformation of perception ible 
memory ; and (4) the development of perception in the young, and its poe 
parallel, adult adaptation to transformed optical environments. 
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This is definitely a book about perception and not sensation, as classically 
conceived: there is little here about color, or about scaling, or even about the 
eye, but a lot about motion and form. Space perception and the constancies 
are curiously de-emphasized, although there has been no lack of good studies 
in these areas recently. Animal studies of perception are not well represented. 
Social perception is totally absent; the reason given, that it is really a matter 
of judgment rather than perception, is not convincing. 

This book will serve as the text for top-notch advanced courses and as a 
convenient anthology for professionals; it is definitely not 'supplementary 
readings' for an introductory course. The studies are reprinted in almost all 
cases whole, without any unifying editorial material. In his concise introduc- 
tion, Haber boldly and wisely discusses philosophical as well as methodological 
issues; wisely too, he steers clear of the professional philosophical articles on 
perception, 


Joun C. Hay, University of Wisconsin—Milwaukee 


THE SCIENCES OF THE ARTIFICIAL. By HerserT A. Simon. Cambridge: 
The M.LT. Press, 1969. Pp. x, 123. $5.95. 


_ This pleasant little book comprises the Karl Taylor Compton Lectures given 
in the spring of 1968 at the Massachusetts Institute of Technology by Herbert 
A. Simon. The intent of the book is to explicate the nature of “artificial” 
Phenomena. This word refers to a very broad and consequently vague con- 
cept. The metaphor that interested me was the characterization of an artifact 
88 an interface between an “ ‘inner’ environment, the substance and organiza- 
tion of the artifact itself, and an ‘outer’ environment, the surroundings in 
Which it operates” (p. 7). A consequence of this conception is the teleonomic 
character of artificial systems. In this image Simon proposes that the rules 
and Principles of the artificial as viewed at the interface will give us a deeper 
Insight into the object of inquiry itself and into its relation to its environment. 
aes first three chapters of the book develop this hypothesis at three levels; 
mm is with respect to an obvious artifact, the digital computer. In this 
of a the author discusses simulation by digital computer and the character 
“laa science, namely, whether it is a formal or an empirical science. 
fes n Eum that the computer as an artificial system can be made to 
of m e in behavior other structures, Insofar as the organization of the parts 
tal “dig is the interesting feature of it, we know as much as may be of 
Simon to a practical man. As for the analysis of the computer as an object, 
SEN argues that one must experiment on it, that its nature is not completely. 

Picated by purely abstract considerations. One may question whether the 


fai : s : i 
lure of designers to produce flawless computers constitutes evidence for this 
Proposition, 


i The Second c 
Ore, that psy: 
Summarizes a 


hapter proposes that thought is an artificial system and, there- 
chology is a science of the artificial. This section of the book 
ion. Tt variety of experiments on memory, learning, and concept ecd 
conce concludes that thought may be viewed as an artifact and that 
Pt of the artificial therefore provides a reasonable scheme for under- 
ing how people think, In the course of the discussion, Professor Simon 
*8 Some good suggestions about how to do psychological experiments, and 
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he offers additional support for his view that the time required to remember 
& chunk of information is constant. 

The third section may be of less interest to psychologists. It is concerned 
with an analysis of the science of design. It offers to engineers ways to solve 
problems in design. The author subsumes the task of designing anything under 
the rubric of problem solving. He then uses his theory of problem solving to 
form principles of procedure for when one is faced with a problem of design. 

The book is capped with a reprint of "The Architecture of Complexity," 
first published in 1962. This article represents Professor Simon's view that 
the analysis of complexity depends upon a theory of hierarchic structures. This 
section complements the first three chapters by serving as an anticipatory sum- 
mary of some of the topics that were discussed. It may be of no small im- 
portance to be shown how broad conceptual ideas become concretized and 


made operational by an active scientist attending to problems of paramount 
importance. 


Eugene Gatanter, Columbia University 


ae IN INTERMEDIATE STATISTICAL METHODS. Vol. 1. By T. A. 


CROFT. Ames: Iowa State University Press, 1968. Pp. xiii, 129. $5.90. 


The author of this brief, well-produced book is a prominent statistician with 
an obvious flair for communica 


ting with the practitioner. In this first of 8 
Proposed two-volume series, he has chosen to ecrit on the problem of 
unequal cell frequencies in analysis-of-variance designs. Chapter 1 deals in 
Mud ch but certainly without any theoretical distraction, with two-way 
cations having unequal cell frequencies. Chapter 2, seven pages in length, 
extends the ion to approximate methods of handling this case. Chapters 
3 and 4 parallel the first two chapters for the case of three-way classifications; 
iu Chapter 5, four pages in length, touches on extensions to n-way designs. 
pter 6 handles covariance analysis and ends with a section on how to man- 
ae with unequal cell frequencies. Chapter 7 is a lucid discussion of orthogonal 
ee ee and their uses; and Chapter 8, the final one, gives & 
Maid. competing multiple-comparison procedures, 

Throughout this little book, the style is fluid and easy to follow. Examples 
are well chosen (albeit mostly from the field of biometrics) and helpful, and 
beali ni es are provided. In addition, the reader is given the 

c the author's experience as he compares alternative strategies 8D 
gives us his evaluative opinions, This is a text that could prove very usef 
for a short graduate course in psychology, with or without the addition of 
more psychologically oriented examples, I expect it will find its way to the 
shelves of many serious students and teachers, both because it covers ma 
tial that is relevant to them and because it is aimed so directly at prat- 

oners. 


Victor E. McGee, Amos Tuck School of Business Administration 
Hanover, New Hampshire 
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AW, LIBERTY, AND PSYCHIATRY. By Tuomas S. Szasz. New York: 
iilier, 1963. Pp. xi, 281. $2.45. 
is book consists of a revised and adapted collection of Dr. Szasz's articles 
n psychiatry and the law, most of which have appeared previously in various 
purnals, books, and periodicals. Several of the articles emphasize the problems 
chiatrists face on the issue of commitment on the grounds of insanity. A 
cond major theme concerns the difficulties centering about the testimony of 
trists in criminal felony cases where a plea of ‘not guilty by reason of 
mity’ or a claim of ‘mitigation of criminal responsibility by reason of men- 
il disease’ is involved. 
‘It is somewhat difficult for the reader to come to grips with this book be- 
? it is largely an adaptation of previous articles and so is not a single 
hified work. At times, it is difficult to know whether the author is enlarging 
n, shifting, or supporting some point made in a different article than the one 
ing read at a given point in the book. Nevertheless, these articles raise 
important and often related problems in a sophisticated and logical 
anner, The existence of this book saves the trouble of having to hunt through 
the literature for the original articles. And Dr. Szasz discusses several important 
questions: the relationship of psychiatry to social control; the nature of psy- 
Matry as a science; the role of psychiatry in serving the law and of the law in 
serving psychiatry and society; and perhaps most important of all, the relation 
of psychiatry to civil liberties. 
Y of Dr. Szasz’s concerns are ethical (normative) in nature. Basically he 
that psychiatrists should not be placed in the position of having to com- 
individuals to mental institutions if the individuals do not want to be 
- He is not at all certain that being considered ‘mentally ill,’ a concept he 
3 useless in any case, should be a cause for involuntary incarceration. Fur- 
he does not believe that responsibility is a matter of the presence or ab- 
f ‘mental problems.’ Szasz seems to be saying that all behavior has 
$ and that people may be considered either not responsible for anything 
Mey do or, with equal ease, responsible for anything they do. The particular 
of causal factors, whether they involve stress, schizoid tendencies, or an 
AIPoverished home, are irrelevant to the issue of responsibility. Rather, he 
+; Bues, let the law find a person guilty or innocent of the charge at issue and 
; Ye psychiatry out of it, After the decision, however, psychiatrists should 
E Consulted as to the best thing to do with a person if he is found guilty. If 
mething other than vengeance is desired, then psychiatry may have a lot to 
“tin terms of changing the ‘criminal’ into a more acceptable person. 
tment (rehabilitation), not judgment about responsibility or guilt, he 
A 15 the job of psychiatry. 
“sz is not at all certain that institutions for the ‘mentally ill’ are good for 
A le, nor does he feel that the large mental hospital is the place for those 
Society whom others do not want around. He is concerned with finding better 
.jnSüves to help those individuals who cannot get along with themselves 
d With the world about them, because he is concerned about the civil liber- 
A all human beings, even those whose behavior is considered quite pecu- 
Y others, 


Brasz devotes Part One of his book to “Psychiatry as a Science,” but instead 


142 BOOK REVIEWS 


of defining what distinguishes psychiatry as a scientific enterprise, he uses this 
section to attack the concept of ‘mental illness’ as a designation for social 
deviates and to point out the inadequacies of psychiatric classification. Only 
in the “Summary and Conclusions” section of his work does he finally define 
the science of psychiatry. He defines psychiatry, in essence, as the science 
which studies and tries to change human behavior. Such a definition may make 
many psychologists, economists, political scientists, sociologists, and biologists 
uncomfortable inasmuch as they also have a stake in studying certain aspects 
of human behavior, Furthermore, not only psychiatrists but parents, teachers, 
the clergy, social workers, and employers, as well as some psychologists, spend 
considerable time trying to alter human behavior. Once Szasz defines ‘mental 
illness’ as a myth and sees the medical aspects of psychiatry as relevant to 
only a quite narrow range of human problems, he clearly is left with a dis- 
cipline that has no specific scientific jurisdiction. 

It may well be that psychiatry is not a science but rather a branch of medi- 
cine which best treats those interpersonal problems that are caused by dis- 
orders of the patient's autonomic and central nervous system. The other 8$- 
pects of human life with which psychiatry currently tries to cope, if Szasz is 
right, might best be left to nonmedically oriented disciplines. It is not at all 
clear if Szasz has considered this ultimate implication of some of his positions. 


Roserr Since, University of California, Riverside 


DIMENSIONS OF READING DIFFICULTIES. By A. T. Ravanerre. New 
York: Pergamon Press, 1968. Pp. xiv, 102. Cloth, $3.25; paperback, $2.00. 


This book is an elementary discussion of the contexts in which reading 
failure may occur. The work is largely descriptive and focuses on how one may 
view reading difficulties in a child—from psychological, sociological, physiologi- 
cal, or educational viewpoints. Specific case histories are brought up, usually 
to show how a particular child's problem was misinterpreted because of & fail- 
ure to consider one or more dimensions of reading difficulty. 

s This book is the first in a new series of monographs. The aim of each volume 
in the series is to present a multidisciplinary consideration of a particular topi 
(such as reading). In this context, the book was disappointing: it indicates a 
bias toward a psychosocial view of reading problems and tends to neglect other 
interpretations (such as neurological ones). Even beyond this, the book fails 
to present more than a commonsense approach to any dimension of reading 
difficulty. While it is useful to enumerate and define the dimensions, it would 
perhaps have been even more useful to explain how they might be used (a la 
eic to identify and classify a reading problem. As it stands, there has 


en no synthesis of diagnostic m is left in the trial-and- 
error zen od EE ethod, and each case is left in 


AnTHUR Crerxorr and Joanna Wims, University of Pennsylvant 


LEARNING DISORDERS. Vols. 1 and 2. Edited by JEROME HrriMUTÉ- 


Seattle: Special Child Publications, 1965 and 1966. Pp. 406 and 422. Paperback, 
$4.85 each. 


The current development of clinical i icians, P9” 
? p practice by educators, physicians, P^ 
chologists, and others is treated in some 32 chapters or papers. The term lear 
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bility is used to refer to discrepancies between & child's “achievement 
Hand his functioning capacity based on his mental abilities" (Vol. 1, p. 
| The concern is to provide differential diagnosis and treatment of the abili- 
and disabilities underlying learning. Implicit in almost all the chapters is 
s assumption that these disorders are often specific to learning, perception, 
olor ability, emotional problems, or some other cause. Speculative neurologi- 
[and genetic interpretations abound. The evidence is clinical and educa- 
al, and includes case studies. The volumes accurately reflect the state of 
‘art of the diagnosis and treatment of learning disabilities. The overview 
mportant, as major programs have been expanding in colleges of education 
oss the country. 

e message of these volumes is clear. Contact with experimental psychol- 
F is sparse. Reinforcement techniques are not included, nor has the area 
Meñted from systematic research as psychologists know it, except from 
me peripheral contact with psycholinguists. The neglect of individual dif- 
fenees in learning could scarcely have a more graphic demonstration. The 
Mentable state of sophistication in an area heavily supported by federal 
h funds is clear, It will not improve until the psychological experi- 
st and the psychometrician combine their efforts and make learning 
Orders a domain of rigorous empirical research. In the meantime the present 
lumes will interest readers of the JourNat largely to document what needs 


Kerru G. Scorr, University of Illinois, Urbana-Champaign 


PTH-ELECTROGRAPHIC STIMULATION OF THE HUMAN BRAIN 
ID BEHAVIOR. By C. W. Sem-JaconseN. Springfield, Il.: Charles $ 
homas, 1968. Pp. xv, 222. $15.50. 


For many years the author of this book has been involved in the treatment 
Í mental disorders, and more recently Parkinson's disease, by depth-EEG 
ery through implanted electrodes. In a patient undergoing such treatment 
important first to stimulate the brain site being considered for destruction 
an actual lesion is produced. The response to stimulation may indicate 
Ta the effect of the destruction will be and can thus give promise of a 
‘peutic outcome or warn the surgeon that important normal functions 
d be endangered. The bulk of the present volume is a summary of the 
ts of such electrical stimulation through 2,659 electrodes implanted in 82 
nts Seen over an 11-year period. 
1 his introductory chapters, the author stresses the importance of main- 
— Unna which will safeguard the rights of the patient and his family 
E ow the potentialities of the operation, good and bad, and (b) not to 
jn EM to studies which are unpleasant themselves or of no service to the 
E deciding upon the best treatment. The methods of procedure—in elec- 
implantation and in the study of stimulation—are outlined in some de- 
3 ls "aM is a brief discussion of self-stimulation, with some intriguing com- 
a p usefulness of rate as a measure, the effects of double stimulation, 
B uno but no real data on this phenomenon are presented. 

effects of stimulation were coded into one or more of 99 different cate- 
of response, which were considered to fall into 17 groups. Much of the 
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volume consists of a survey of each of the 17 groups, with a discussion of the 
nature of the responses, the localization and nature of the stimuli which pro- 
duce them, and the extent of correlation of other response groups with the 
one in question. There is an inherent limitation in the data due to the fact 
that electrodes were implanted only where it was hoped they would be thera- 
peutically helpful; we can but praise the author for this. Nevertheless, some 
suggestive results are available. 

There are very few surprises in the localization data unless one is looking 
for very strict localization of function or none at all. Thus, the appearance of 
colored balls, either moving or fixed, was elicited only from occipital stimula- 
tion, but a ‘vibrating blinking’ in front of the eyes was produced by points in 
the frontal region and near the third ventricle as well. One rather interesting 
finding is that changes in speech, including facilitation as well as arrest, were 
obtained from stimulation of the right hemisphere as well as the left. 

The correlations (over electrodes) of responses of the various groups and 
categories provide some interesting ideas as well, but use of the material is 
rendered difficult because of some unfortunate features of the statistical treat- 
ment and presentation. Phi coefficients were computed between each pair of 
categories but they are not reported. Instead, the relationships are presented 
in terms of significance level. Since all comparisons had a common total n, the 
relative significance of various relationships does parallel their relative 
strengths. However, with the large n used (apparently 1,594, the number of 
electrodes giving any response), high significance could be achieved with very 
low values of ø. Not only are we invited to view with interest a relationship 
with a value as low as 064 (since this value gives a p of 01), but since the 
strongest significance level used was .0001, we are led to overlook any difier- 
ences in strength of relationship in the wide range between .098 (which gives 
the p of 0001) and the top of the scale, 

Potentially even more serious is the fact that apparently no correction was 
made for lack of continuity in these data. We are told, for example, that the 
relationship between aphasia and flushing has a p of 0001. However, only one 
(of the 1,594 effective electrodes) produced aphasia. Obviously the relationship 


suggested by the fact that this electrode was one of the 99 that elicited flushing 


ee d as having a significance of only about 4 ince there woul 
be that probability by ce of only about Ye, 8 


among the ‘flushing er alone that the ‘aphasia electrode’ would be 

In point of fact, two redeeming aspects must be stressed. (1) The summary 
dE presented in sufficient detail that an interested reader can recalculate 
the correlations and their significance, (2) The principal conclusions concerning 
the relationship between responses are given in terms of the major groups 9 
response: since these groups were elicited by reasonably large numbers © 
electrodes, the failure to correct for noncontinuity is of little importance. What 
then are these relationships? Motor responses, changes in tremor, modification 
of rigidity, and peripheral sensory changes are generally highly intercorrelated: 
Another cluster of groups finds cardiovascular changes, vegetative respon? 
and changes in consciousness closely related to one another. Changes in spee 
form something of a bridge, being highly correlated with groups in this Jatter 
cluster and moderately correlated with changes in rigidity. Mood change 
have a different pattern; they have weak positive relationships with tbe 
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second cluster of groups and weak negative correlations with the motor (ete.) 
cluster, These findings would be relatively trivial if they reflected solely gross 
anatomical localizations; e.g. the fact that many of the responses in the dif- 
ferent groups of the motor cluster came from stimulation in or near the in- 
ternal capsule (as they did), the fact that most of the autonomic-consciousness 
responses followed frontal stimulation (as they did), and so forth. However, 
it is reported that the same interrelationships described above were noted 
within each of four main sections of the brain when they were analyzed 
separately, 

The data do indeed, as in the author's words, provide knowledge about “the 
functioning of the whole brain as a network of closely interrelated and inter- 
acting systems.” This book is not one that everyone interested in neuro- 
psychology must own. Nonetheless, it is well worth a casual reading to note 
the variety of responses produced and consider their relationships. 

Wam A. WiLsoN, JR., University of Connecticut 


THE SKIN SENSES: PROCEEDINGS OF THE FIRST INTERNA- 
p SYMPOSIUM ON THE SKIN SENSES. Edited by D. R. 
NSHALO, Springfield, Ill.: Charles C Thomas, 1968. Pp. xvii, 636. $26.00. 


This symposium is a sample of current research on the skin senses and, 88 
such, covers a range of topics from anatomy and physiology of receptors, 
through central processes, to psychophysical and perceptual problems. Some 
indication that the research is current may be gained by noting that in the 
map of this symposium, held in June of 1966, over half of the more 

an 800 references are dated 1960 or later. 

Tm advantages were there in printing this symposium rather than simply 
— authors report their research in journals? First, in addition to 
the E their current research, the authors here summarize their work for 
piis seveal years. Second, the authors were here permitted to discuss the 
pom ance of their results and how these results bear on some of the larger 
fm the field, e.g. specificity vs. nonspecificity of receptors. Most of the 
areas ange good use of the opportunity. Third, such a symposium reveals 
gation: o iih little is known and provides the impetus for future investi- 
each s. This end is achieved in part by the excellent discussions following 
the B One such area to which the discussants returned several times 18 
tions e al nature of the skin itself. What are the kinds of energy transforma- 
efore bane skin imposes upon an electrical, mechanical, or thermal stimulus 
would - iA a stimulus even reaches a receptor? The answer to this question 
Mime an important step in understanding such problems as the nature of "a 
DSycho; pow for the different skin modalities and the correlation o 

ors e and electrophysiological data. The manner in which the p 
reported e use of these advantages and the overall quality of the mt 
Se ian to leave readers awaiting with interest the appearance of 

nternational Symposium on the Skin Senses. 
James C. Ceara, Indiana University 
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PERCEPTUAL ORGANIZATION O GELEMENT " sar 
TEMPORAL PATTERNS AS A FUNCTION OF 
THEIR COMPONENT ONE-ELEMENT PATTERNS 


Davi Prevsser, W. R. Garner, and RicHamp L. GOTTWALD, 
Yale University 


Abstract. Subjects observed and then described continuously repeated two- 
element temporal patterns (one of two alternative elements per event) and 

their component one-element patterns (one element or its nonoccurrence per 
event). Descriptions could begin at any event in a pattern, since there are 

I| many possible descriptions as events in continuous patterns. Descriptions 
one-clement patterns revealed two organizing principles: preference for 

gap at the end, or longest run of positive events at the beginning. 

v iability of pattern organization was low when in a particular pattern these 

[wo principles were compatible or when the principles were incompatible but 

With the gap principle stronger, and increased when the two principles were 
mpatible and equally strong or the run principle was stronger. The de- 
Stiptions of two-element patterns showed that one element emerged as ‘figure’ 

‘md the organizing principles for that element determined the perceived 
Organization for the two-element pattern. It was concluded that variability 4 
tnd difficulty of two-element perceptual organization is a function both of E 
figure-ground relations between the two elements and of compatibility of 
®ne-element organizing principles. 


A temporal pattern is a continuously repeating sequence of events. 

1 à two-element pattern a single event is the occurrence of one of 

[ two alternative elements in a given unit of time. In a one-element 
Pattern, an event consists of the occurrence or nonoccurrence of a 
Single element. A two-element pattern may be thought of as the in- 
terlocking of two one-element patterns, since any two-element pat- 

tern can be decomposed into two unique one-element patterns. To 
illustrate, the two-element pattern XXXOXOO . . . contains XXX" 

1: and "O'OO . . . as its unique one-element patterns, with the (^) 
indicating the nonoccurrence of an element in the given unit of time. 

! There are as many different possible organizations for a temporal 
E. ttern as there are events in the pattern. For example, the two- 
flement pattern XXO . . . can be organized XXO, XOX, or OXX. . 

âch of these organizations, when repeated continuously, produces -~ 

Patterns which are indistinguishable from each other except in terms . 
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of the starting point for the sequence. Similarly, the one-element i 
pattern XX’... ean be organized XX’, X'X, or ‘XX. Previous studies 
on two-element patterns, however, have shown that subjects rarely 
use an organization which breaks a run of identical events,’ so we 
can consider these runs as the meaningful psychological units, Pat 
terns can therefore be coded in terms of sequences of run lengths, 
For example, the pattern XXXXOXOOO . . can be represented as 
4113, with alternative organizations of 1134, 1341, and 3411. 

Previous work on temporal patterns has been concerned with 
three variables: pattern difficulty, perceived organization, and vari- 
ability of organization (see n. 1). Our primary interest in the pres 
ent paper is the perceived organization of temporal patterns; our 
secondary interest, variability of organization. Both the particular 
perceptual organization and the variability of organization should 
be based on a common set of principles, and discovery of these 
principles was the goal of the research reported here. 

The first study dealing with perceived organization of these pat- 
terns was that of Royer and Garner? They showed that when sub- 

= jects have some degree of choice about which alternative organiza- 

tion they use, they do not use all possible organizations equally often, 
even when the organizations are specified solely in terms of run 8€ 
quences. The patterns were eight events long, played auditorily ata 
rate of two events per second, and their subjects were required to fol- 
low or track the pattern on telegraph keys, with the tracking # 
begin after the patterns had been perceived with a definite organi- 
zation. Their results showed that the subjects began to track (a) 
s the beginning of a run of three or more events, or (b) at the 
beginning of at least two cycles of a single alternation. Garner am 
Gottwald obtained similar results using verbal descriptions of audi- 
"S or visual patterns at various rates; so did Handel et al., using 
primarily measures of difficulty with mixed-modality presenta- 
tions? Thus, there are preferences for particular perceptual organit 


+See, for example, F. L, Royer and W. anjzation 
nine-e See . R. Garner, Perceptual org i 
ds HP o auditory temporal patterns, Percept. & Psychophys. 1 3 
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i ; Meus , Response uncertainty and percept, | 
3 culty of auditory temporal patterns, Percept. & Psychophys., 1, 1966, 4° 


3W. R. Gamer and R. L. Gottwal tion and learning of 
temporal patterns, Quart. J. exp, eo 1968, 97-109 : ve Handel and. 
L. Buffardi, Pattern perception : Integrating information present m Tho 
modalities, Science, 162, 1968, 1026-1028; S. Handel and W. E. Lewis, 
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zations—preferences which are quite general with respect to pattern 
presentation and type of response. 

In a further study Royer and Garner used patterns of nine 
events so as to have a greater variety of possible organizations 
(see n. 1). Their results suggested that the preferred organizations 
are those which (a) are balanced in time with long runs at the ends 
of the pattern or (b) have a directional simplicity with run lengths 
either increasing or decreasing in regular order. These principles 
are generally consistent with, and represent an extension of, the 
results obtained with eight-event patterns. In general, Royer and 
and Garner considered these organizing principles as wholistie in 
nature, the patterns being perceived as totalities, with all parts 
interacting in a forward and backward fashion. The exact nature 
of this interaction, however, was not clear from their results. 

The present, research, therefore, was designed to investigate how 
the parts of a temporal pattern interact to determine perceived 
organization in the total pattern. Our approach to this problem was 
to determine the organizing principles appropriate to each of the 
component one-element patterns and then to relate these principles 
to those found with the two-element patterns from which the one- 
element patterns were derived. 


METHOD 


ec. The stimuli were generated from two buzzers which differed in 
cation, quality, and pitch; and from two lights which differed in location 
and color. The lights were mounted side by side on a vertical board, and 
taie 11 in. above a table. They were 1.0 in. in diameter, 2.0 in. apart at 
e centers. The left light appeared as green, the right as red; each was 
colored glass transilluminated by an incandescent bulb at a brightness level 
of 3 f(L. The burzers were mounted behind the board, 18 in. apart. They both 
^d an intensity of 75-db. sound-pressure level. The left buzzer had a funda- 
uM frequency of 145 Hz., the right 195 Hz.; however, the harmonic dif- 
erences between the buzzers were more apparent than the frequency dif- 
erences, 
The patterns were generated from a set of interchangeable cams, one cam 
i each pattern. Each pattern cam had a timing cam such that the duration 
of each stimulus event was equal to the duration of the blank period between 
events (a 50%-duty cycle). Electrical switches enabled Æ to select the cam 
Output appropriate to the left and right light and buzzer, and further enabled 
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E to turn off either element for the one-element patterns. The cams were 
driven by a synchronous motor. Mechanical gears were used to hold presenta- 
tion rate constant (events/sec) across patterns of different, lengths. 

The S and the stimulus display were in a soundproof room, to eliminate 
equipment noise. An intercom provided two-way communication with S, and 
the call buzzer of the intercom was used to alert S for the next pattern. In 
front of S, to the left and right, were mounted two telegraph keys. S responded 
by tapping these in the appropriate sequence. The output of the keys was 
registered on a Rustrak Continuous Event Recorder. An electromechanical 
counter registered the number of stimulus events observed by S. 


Patterns. The two-element patterns used in this study were reversals, pat- 
terns which when presented in reverse order create new patterns. They are 
distinguished from pattems which when presented in reverse order remain the 
same. For instance, the pattern 3112 (with alternative organizations 1123, 1231, 
and 2311) when presented in reverse becomes 2113 (with alternative organiza- 
tions 1132, 1321, and 3211). Since 3112 and 2113 are different patterns, they 
are reversals and form a reversal pair. The pattern 3121 (with alternative 
organizations 1213, 2131, and 1312), however, is not a reversal, since when it 
is presented in reverse it becomes 1213 or simply an alternative organization 
for 3121. The reversal patterns were chosen because they provided a temporal 
counterbalancing of run lengths for both the two- and one-element patterns. 

All possible pairs of reversal patterns of seven, eight, nine, and ten events 
were used. There was 1 reversal pair that was seven events long; 2 were eight 
events long; 7 nine events long; and 12 ten events long. Thus a total of 44 
two-element patterns was used. These were $112, 4112, 3122, 4122, 5112, 4113, 
3213, 6112, 5122, 4132, 5113, 4123, 3124, 311121, 311112, 212112, 411121, 411112, 
312112, 311221, 311122, 311212, and a reversal for each. Of these 44, 26 patterns 
had four runs and 18 had six runs. 

Each of these two-element patterns contained two one-clement patterns: 
Since each of the one-element patterns was unique, a total of 88 one-element 
patterns was used. If a two-element pattern had four runs, then each of its 
one-element patterns had two runs and two gaps. Likewise, if & two-element 
pattern had six runs, then each of its one-clement patterns had three runs 


and three gaps. There were 52 patterns with two runs and 36 patterns wit 
three runs. 


E Twenty college students (16 men and 4 women) from the Nev 
aven, Connecticut, area participated. Each was paid nine dollars. 


Task. Each S served for four days, approximately 70 min. per day. The four 
experimental sessions were normally completed in one week and never took 
more than two weeks, Across the four days each S was tested on each patte 
All patterns were continuously repeated. : 

For the two-element patterns S's task was to observe the pattern, wait until 
E stopped the pattern, and then tap the pattern on the two telegraph key 
The task for the one-element patterns was essentially the same except that 
only one telegraph key was used. For both types of pattern, Ss were ^7. 
couraged to sit back and listen to the pattern as opposed to perceiving it 
quickly, since organization, not difficulty, was of interest. Ss were allowed t0 
practice tapping while the pattern was still playing. S was required to tap 
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pattern once as soon as possible after its termination, but if he made a mis- 
take he was allowed to tap it again. Average intertrial interval was 25 sec. 
Each trial was preceded by a warning buzzer. A 10-min. break was provided 
midway through the session. 


Design. On Days 1 and 2 S was tested on the two-element patterns. Each 
pattern was played at the rate of 3 events/sec, since previous work suggested 
that this rate was probably the easiest for S.* Each element appeared simul- 
taneously on the appropriate light and buzzer. Thus one element was left 
light and left buzzer, while the other element was right light and right buz- 
zer. Simultaneous visual and auditory stimuli were used because earlier re- 
search had shown that this would be easier for S than either modality alone." 
The aim was to provide S with the simplest set of stimulus conditions, since, 
again, difficulty was not of interest. 
The number of repetitions of each two-element pattern was set, on the basis 
of pilot data, to ensure essentially 100% correct responding. The actual num- 
ber of pattern repetitions per trial was 20 for patterns of seven or eight events, 
25 for patterns of nine events, and 30 for patterns of ten events. These rather 
lengthy pattern presentations also tend to minimize the effect on perceived 
organization of the initial starting points of the patterns. In addition, how- 
ever, initial starting point was counterbalanced across Ss, with each pattern 
starting at each event an equal number of times, or as nearly so as possible. 
On both Day 1 and Day 2 S saw, in order, 1 two-element pattern seven 
events long, 2 two-element patterns eight events long, 7 two-element patterns 
iw events long, and 12 two-element patterns ten events long, for a total of 
Roo Order of presentation within the seven-, eight, nine-, and ten- 
M nt patterns was counterbalanced with the restriction that both patterns 
reversal pair were not seen on the same day. 
Left light and left buzzer (L) versus right light and right buzzer (R) were 
hac. alanced within and between patterns. Within patterns, half of the Ss 
— the pattern in one form, and half in its complementary form. For 
"iip the pattern 3112 appeared as RRRLRLL . . . for half of the s and 
iem RLRR . .. for the other half. Between patterns, each S saw an equal 
"ial i red and green lights across Days 1 and 2. , 
soe or each S all data on two-element patterns were obtained before $ 
ment enced one-element patterns. Our reason for this experimental arrange- 
ig that we did not want to predispose S to attempt to deal with the 
ian "Yn patterns as one-element patterns. It was not until Days 3 and 4, 
v I at S was tested on the one-element patterns. Each of these patterns 
all $i EM at the rate of 3 events/sec. For half of the Ss (assigned randomly), 
s vhi one-element patterns were played on the right light and right buz- 
Sine e the other half of the Ss observed only the left light and left buzzer. 
onis each two-element pattern produced two one-element patterns of the 
— uber of events, on Day 3 and on Day 4 $ observed, in order, 2 one- 
and 24 patterns based on seven events, 4 based on eight, 14 based on nine 
based on ten. Within a given length (seven, eight, nine, or ten events), 
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order of presentation was counterbalanced with the restriction that both ose 
element patterns from a single two-element pattern not be seen on the sume 
day. Since each two-element pattern had a reversal, of necessity each 
element pattern also had a reversal. Therefore, order of presentation 
further restricted in that a given one-element pattern and its reversal wert 
not presented on the same day. 

All one-element patterns were presented for 10 complete repetitions. Pilet 
data suggested that this was an adequate trial length regardless of a gives 
pattern’s two-element base. Each pattern was started an equal number of - 
times at each positive event, or as nearly so as possible. 


Basic data. The actual individual recorded datum was the pattern tapped 
out by S on the one or two telegraph keys. This response was considered & 
description of the pattern as perceived by S, exactly analogous to verbal dt 
scriptions used in other experiments on this topic. Each pattern, howewen, 
had a fixed number of alternative organizations, so the description was CO 
sidered S's use or choice of one of the available organizations. The summary 
measure for each pattern was then the frequency of use of each of the avails- 
ble alternative organizations. 

If statistical tests were carried out, the appropriate sampling variable would 
thus be the pattern, not the individual S, since basically the pertinent expeti 
mental questions concerned the generality of a result across all patterns have 
ing certain common characteristics. We present no significance tests, how 
because the validity of the argument rests in the consistency of a set of e 
planatory principles across the several sets of data presented—on one- and 

it patterns, and on patterns of different numbers of runs. stil 
further, these same principles can be shown to explain previous data on the 
distribution of pattern descriptions, as well as data on difficulty of pattem 
perception and learning. 


RESULTS: ONE-ELEMENT PATTERNS 


The results from the one-element patterns are presented first, 
and from these there emerge two principles of perceptual organiza? 
tion. The results from the two-element patterns are then consid 
as a function of the organizing principles of the component on 
element patterns. 

Preliminary analyses established two things. First, errors WT 
too few to require analysis. Of a total of 1,760 one-element patter 
responses, only 15 were incorrect.’ Second, pattern descriptions ©” 


7 An error was recorded when the response did not contain the appro? 


numbers of positive events in each run and the appropriate gaps. Howe” 
s, Further 


no attempt was made to distinguish the relative lengths of the gaP 


a run of positive events. Thus for patterns with two runs and two gaps * 
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not break runs of events. Thus, as with two-element patterns, the 
run was the psychologically meaningful unit, and further analyses 
here need only consider runs. 


Patterns with Two Runs 


The one-element, two-run patterns presented the subject with 
just two possible perceptual organizations, since runs were not bro- 
ken and there were only two runs. Which of these two runs would 
be used to start the pattern could depend on two obvious properties 
of the patterns: differences in length of the two gaps, and differences 
in length of the two runs. Both factors operate to provide principles 
of perceptual organization. 


Gap principle. Across all one-element patterns having two runs, 
the subjects used organizations in which the longer gap was at the 
end 79% of the time and was in the middle the remaining 2176 of 
the time. According to the principle implicit in these results, the 
pattern organization 1’3” would be chosen over 31’, since the con- 
tinuous sequence is most often experienced as repeated pairs of 
Tuns separated by the longer gap. 


Run principle. Also, for all of these patterns, the subjects chose 
organizations in which the longer of the two runs was the first run 
81% of the time and was the second run the remaining 39% of the 
time. By this principle, the pattern organization 3"l' would be 
chosen over 13". 


Compatibility of organizing principles. The fact that each of 

ese organizing principles was used over half the time makes it 
clear that the two principles did not exist in these patterns as mU 
tually exclusive alternatives. The fact that the two percentages of 
choice were not identical also makes it clear that the two principles 
IO not perfectly correlated over this set of patterns. In order to 
urther clarify the role of these two principles, we need to distin- 
Euish between patterns in which the gap and run principles were 
etd (would lead to the same organization) and patterns in 
ti ich they were incompatible (would lead to different organiza- 
tons). The pattern 3/1" is an example of a pattern with compatible 


Demi i rrect 
sitive events. For patterns with three runs and three gaps, & COT 
eens needed to have the three runs of the correct length and in & 
er, 
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principles in that either principle leads to this organization. The 
reversal of this pattern is one in which the organizing principles are 
incompatible, since the run principle predicts the organization 3”1’, 
while the gap principle prediets the organization 1/3". 

When two patterns are reversals of each other, one of the pair of 
patterns contains compatible principles, while the other contains 
incompatible principles. The use of reversal pairs ensured this con- 
trast in the present experiment, and since we used 52 patterns with 
one element and two runs, 26 of them contained compatible prin- 
ciples and 26 contained incompatible principles. Table I presents 
the data separately for these compatible and incompatible patterns. 
For the 26 compatible patterns, the organization predicted by both 
the gap and the run principles was chosen 90% of the time. Thus 
when both of these principles would predict the same organization, 
that organization was nearly always chosen. 

When the two organizing principles would predict different 
organizations, then the organization predicted by the gap principle 
was chosen 68% of the time. Thus it appears that for these pat- 
terns the gap principle tended to dominate the run principle. This 
dominance can be seen also by examining the incompatible patterns 
in more detail, as shown in Table I. When two organizing principles 
are available, the choice should be influenced by the relative 
strength of the principles. Strength is indicated in Table I in term? 
of the relative difference in the lengths of the runs and the lengths of 


TABLE I 


es T USE or ALTERNATIVE ORGANIZATIONS FOR ONE-ELEMENT, Two-RUN 
"TTERNS FOR COMPATIBLE AND INCOMPATIBLE ORGANIZING PRINCIPLES 


Organization N 
Pattern type Gap& Run Other (Patterns) 
Compatible principles 90 10 20 
Gap Run 
oo principles pro 
ap difference > run difference r 
Gap difference = run difference n 2 i 
Gap difference « run difference 49 51 r 
Overall 68 32 i 


Note: For compatible patte: -SP redict 
2 rns, the organizing principles of gap and run pr 
the same organization. For incompatible, they "prodit different. organization 


PERCEPTUAL ORGANIZATION 159 


the gaps. When the gap difference was greater than the run differ- 
ence (e.g., 1/2"), then the organization predicted by the gap prin- 
ciple was used 86% of the time, nearly as often as when the prin- 
ciples were compatible. When the gap difference was equal to the 
run difference (e.g., 2/3"), the organization predicted by the gap 
principle was used 7196 of the time. Only when the gap difference 
was less than the run difference (e.g., 4"2/) was the run principle 
used more than the gap principle, and even then just barely, with 
5196 of the choices being those predicted by the run principle. 

Thus two simple principles determine pattern organization: have 
the largest gap at the end, separating successive patterns in the 
ongoing sequence; and have the longest run at the beginning. Of 
these two, the gap principle was clearly stronger in this set of pat- 
terns. Variability of pattern organization was determined by the 
interaction of these two principles, being very low when the princi- 
ples were compatible or when the gap principle dominated, and be- 
coming greater when the strength of the run principle was equal to 
or greater than that of the gap principle. 


Patterns with Three Runs 


The descriptions of one-element, three-run patterns continued 
to show the primary effects of the run and gap principles, but with 
these more complex patterns the picture is more complex. There 
may also have been an additional organizing principle operating. 

Overall analyses show that in 28 of the 36 patterns there was one 
gap longer than the remaining two gaps, and 81% of the pattern 
descriptions had this longest gap at the end, separating the succes- 
Sive patterns in the continuing sequence. There were also 28 pat- 
terns (20 being the same as above) in which one run was longer 
than the other two, and for these patterns 43% of the pattern de- 
scriptions (chance being 33%) were with the longest run at the 

eginning. 

With each of these organizing principles, eight of the patterns 
did not have an unambiguous prediction because at least two runs 
or gaps were equally ‘longest’ (1’2’2”, where two runs have & length 
of two; or 3/2'l^, where all three gaps are of the same length). For 

€ eight patterns in which use of the run principle would make an 
Ambiguous prediction but the gap principle would make an unam- 

!Euous prediction, the organization used was predicted by the gap 
Principle 88% of the time. For the eight patterns in which use of 
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the gap principle would lead to an ambiguous prediction but the 
run principle would make an unambiguous prediction, the orga 
nization was predicted by the run principle 44% of the time. How 
ever, there was a suggestion of an additional principle operating 
here, which is that the sequence of run lengths produces an upward 
progression. In two of these eight patterns (1’2’3’, 124") a simple 
upward progression existed, which, of course, gives an organization 
different from one starting with the longest run. For these two pat- 
terns the upward progression was used a total of 21 times compared 
to 18 for the organizations starting with the longest run. There 
were too few patterns contrasting these principles to allow great 
confidence in the importance of progression. Fur!’.«rmore, we can 
only separate the progression principle from the run principle with 
upward progressions, since with downward progressions of run 
lengths the run principle alone would predict the organization 


Table II shows a more detailed analysis of data for the 20 pat 
terns in which both the run principle and the gap principle lead to 
unambiguous predictions. For the eight patterns in which these 
two Principles were compatible and would thus lead to a single 
predicted organization, that organization was used 81% of the time. 
For the other 12 patterns, in which the two principles were incom- 
patible and would thus lead to different predictions, the gap princi- 
ple predominated, although as its strength decreased there was $? 


TABLE II 


PERCENT USE or ALTERNATIVE ORGANIZATIONS FOR ONE-ELEMENT, 
THREE-RUN PATTERNS ron COMPATIBLE AND INCOMPATIBLE 
G PRINCIPLES 
—_—— ÓEÉE—ÁAÁMMMM. 


Organization N 
Pattern type Gap & Run Other (Patterns) 
Compatible principles 81 19 8 


Incompatible principles 
Gap difference > run differencet 95 5 0 : 
Gap difference = run differencet 87 8 5 : 
Gap difference — run difference 65 24 11 : 
Gap difference < run difference 72 28 0 : 


t Organizing by gap also provides upward progression. 
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increased use of the run principle. However, for three of the groups 
of patterns, the use of the gap principle also allowed use of an up- 

progression (e.g. 1'1'2), and the use of the organization 
predicted by the gap principle was greater. This fact suggests that 
the principle of upward progression was adding its effect to the gap 
principle. Thus these data show that the gap and run principles 
found to determine perceptual organization with one-element pat- 
ters of two runs also determined perceptual organization and 
variability of organization when there were three runs. 


Summary 


The results with two- and with three-run patterns lead to the 
following generalizations about the operation of the run and gap 
Principles: 

1. If the run and gap principles are compatible and thus predict 
the use of a single organization, that organization is nearly al- 
ways used. 

2. If the run and gap principles are incompatible and thus predict 
the use of different organizations, two different organizations 
are used to some extent. Thus incompatibility of the run and 
gap principles leads to greater variability of use of organizations. 

3. When the run and gap principles operate incompatibly, the gap 
principle seems to be stronger. This result, however, is probably 
Most susceptible to change with variations in experimental pro- 
cedure. For example, with the 50%-duty cycle used in these 
experiments, a gap nominally of the same length as a run Was 
actually longer, because the positive element did not occupy 
all of the time available for it. 


RESULTS: TWO-ELEMENT PATTERNS 


There have been no previous studies on perception of temporal 
Patterns using patterns of seven or ten events. The patterns of these 
n" used in the present study showed no principles of organi- 
vu different from those established for patterns of eight and 
E © events, This result is not surprising since runs, not individual 

ents, are the meaningful units, and both four- and six-run pat- 
E have previously been used. Of the 880 responses to the two- 
fin ent patterns, 49 were in error and 5 were correct but broke à 

of identical elements. These responses were too few to allow 
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determination of any systematic trends and were dropped from 
further analysis. 


Overall Analysis 


The primary purpose of this paper is to determine how the parts 
of two-element temporal patterns combine to influence perceived 
organization of the total pattern. The simplest prediction rule for 
two-element data would be that they are simply a composite or 
summation of the component one-element data. In order for this 
summation to be meaningful, however, we must first establish the 
structural parallels between the two types of patterns. 


Patterns with four runs. There were 26 patterns having four runs. 
With four runs there are four possible organizations, and each or- 
ganization can be specified in terms of its appropriate one-element 
principle or principles. For each of these patterns one of the com- 
ponent one-element patterns had compatible run and gap principles, 
while the other had incompatible run and gap principles. (This 
relation is a consequence of the use of reversal patterns.) Thus, of 
the four runs that could be used to start the pattern, one would be 
predicted by gap and run (compatible one-element pattern), the 
next run by gap (incompatible pattern), the next by nothing (al- 
ternative run of compatible pattern), and the last by run (incom- 
patible pattern). For instance, the alternative organizations for 
4112 would be predicted, in order, by gap and run (4112), gap 
(1124), nothing (1241), and run (2411). 

Table III presents overall data, organized in this fashion, for 
all four-run, two-element patterns. In addition it presents dats 
formed from a composite of the component one-element patterns, 


TABLE III 


hon Percent Use or AurenNATIVE Organizations or Four-RUN, 
FR M COMPARED WITH THE DISTRIBUTION OBTAINED 
TA ITE OF THE COMPONENT ONE-ELEMENT PATTERNS 


————— ll  — 
Organization 


EN 0 7 
Pattern type Gap&Run Gap Other Run 

Composite one-element f 45 34 5 e 

Two-element 39 27 7 = 


t These values are direct averages of the data shown in Table I. 
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obtained by simply averaging the overall figures for the appropriate — 
pattern alternatives in Table I. From this table it can be seen that 
the first conclusion for the one-element patterns was verified in the’ 
data for the two-element patterns: the organization most frequently 
used (39%) was the one starting with the run, in the compatible 
one-element pattern, predicted by both the run and gap principles. 
The second conclusion for the one-element data was that when 
these two principles are incompatible, both organizations are used 
to some extent. This conclusion was also confirmed in the two-ele- 
ment data (27% and 27%). The third conclusion was that when 
the gap and the run principles are incompatible, the gap principle 
tends to be the stronger. This conclusion was not verified, since the 
organization predicted by gap and that predicted by run were used 
equally often in the two-element data. Since this was the weakest 
ied three conclusions, its disconfirmation was not considered 
critical. 


Patterns with six runs. An overall analysis and comparison like 
the one for four-run patterns was not possible with six-run, two- 
element patterns. The greater complexity of the latter precludes 
any single organizational arrangement into which all of the pat 
terns can be put. These patterns are analyzed by pattern type and 
preferred element, below. 


Analysis by Pattern Type and Preferred Element 


Eur demonstration of overall agreement between the use of dif- 
à ent Organizations in two-element data and uses of the equivalent 
organizations in one-element data is of limited significance, how- 
oe since the analyses in both Tables I and II clearly show differ- 
abe 2n the distribution of use with different specific subtypes of 
ind Tn. We need to know whether the two-element data conformed 
CEN to the one-element data. 
partie v need to know whether an individual subject observing & 
from ^ ar two-element pattern considers alternative organizations 
appro m elements or whether he primarily considers organizations 
a ee to just one of the elements. If the latter, greater pre- 
* Pire be obtained by knowing to which of the elements 
den. ject was attending, or, as is argued below, which of the 
a vans he had taken as ‘figure.’ An analysis of the use of each of 
two stimulus elements showed that across all subjects and 
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patterns, 5196 of the descriptions began with the left element and 
49% began with the right element. Since the patterns presented 
were counterbalanced in terms of right versus left element, there was 
no overall preference for one element over the other. However, the 
variance between subjects with respect to preference for starting 
pattern descriptions with the two elements was, indeed, highly 
significant (y? = 216.95, df = 19, p < .001). Some subjects con- 
sistently began descriptions with the left element, while others 
began with the right element. 

Therefore, the subjects were divided into two groups: those who 
preferred the left element and those who preferred the right ele- 
ment. There were eight subjects in each of these groups, each sub- 
ject using his preferred element to start the description at least 26 
times out of the total of the 44 descriptions given. The remaining 
four subjects were deleted from further analysis. With this infor- 
mation on subjects’ preferred elements, further analyses were car- 
ried out to investigate the effect of particular type of pattern and 
the effect of individual preferences for stimulus elements. 


Patterns with four runs. Since each four-run, two-element pattern 
contained one compatible and one incompatible one-element pat- 
tern, and since left versus tight element was counterbalanced, the 
preferred element could provide either a compatible or incompatible 
one-element pattern, The two-element pattern descriptions used 
for these two possibilities are shown in Table IV. This table is like 
Table I for one-element patterns, since in effect we are looking at 
the preferred element in terms of its one-element pattern character- 
istics. In fact, however, the patterns consisted of two elements; 
therefore the organization can shift to a description appropriate 
to the nonpreferred element. ; 

Table IV shows that when the preferred element was a compati- 
ble one-element pattern, subjects used descriptions starting with 
the preferred element at the point predicted by both gap and run 
principles 61% of the time, and at the point predicted by neither 
principle (but still with the preferred element) only 10% of the 
time. The remaining organizations used as descriptions represen 
shifts to the other element (a necessarily incompatible pattern), 
with 13% of the descriptions at the point predicted by gap is 
16% at the point predicted by run, 

When the preferred element produced a one-element patte 

with incompatible gap and run predictions, the results varied a8 


| 
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TABLE IV 


Percent USE OF ALTERNATIVE ORGANIZATIONS FOR Two-ELEMENT, 
Four-Run PATTERNS AS A FUNCTION OF Onr-ELEMENT ORGANIZING 
PRINCIPLES IN THE PREFERRED ELEMENT 


E Eee 


Organization x 
EES 
Pattern type Gap & Run Gap Other Run (Patterns) 

Compatible principles. eit 13 101 16 26 
Incompatible principles 
Gap difference > run 

difference 22 58t 6 1T 10 
Gap difference = run 

difference 23 401 10 27t 6 
Gap difference < run 

difference 17 24t 1 58t 10 

Overall 20 41 5 34 26 


i E 
t Subject begins organization with preferred element. 


function of the relation between the principles, as shown in the 
lower part of Table IV. These results show effects very similar to 
those shown for one-element patterns in Table I, with the gap 
principle being the better predictor when differences in gap length 
were greater than or equal to differences in run length, and with 
the run principle being the better predictor only when it was the 
stronger principle. Shifts to the nonpreferred element (a necessarily 
compatible pattern) accounted for the remaining organizations, 
with 20% at the point predicted by gap and run, and 5% at the 
Point predicted by neither principle. 

The results with the four-run patterns show that use of available 
organizations of two-element patterns was quite predict- 
Aa the results of the component one-element patterns. 
bas er, given the element which is preferred or salient, the two- 
m organization was that which starts with the preferred ele- 

rim, ra starts with that run in the preferred element which would 

a : d een used if only the one-element pattern were experienced. 
dr pom, variability of organization was greater when incom- 

e principles were present in the preferred element. 


ni atterne with siz runs. Because one-element patterns with three 
tion may have compatible and incompatible run and gap predic- 
ns as well as ambiguous run or gap predictions, prediction for 
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TABLE V 


PERCENT Use or ALTERNATIVE ORGANIZATIONS FOR Two-ELEMENT, 
Six-RuN PATTERNS A8 A FUNCTION OF ONE-ELEMENT ORGANIZING 
PRINCIPLES IN THE PREFERRED ELEMENT 


a Organization N 
ttern t; LEE co 

ge Gap&Run Gap Other Run (Patterns) 
Gap and run compatible 70t 7 8t 15 8 
Gap and run incompatible — 19 491 2 30t 8 
Gap with run ambiguous 61t 9 30 8 
Run with gap ambiguous 14 22 64t 8 


1 Subject begins organization with preferred element. 


the two-element, six-run patterns involved more types of pattern, 
most of which are summarized in Table V. Eight patterns had one 
component one-element pattern in which the gap and run principles 
were compatible. When that element was preferred, the organiza- 
tion chosen was the compatible gap and run organization 70% of 
the time, as shown in the top line of data. The other one-element 
patterns for these eight patterns had gap and run principles incom- 
patible, and when this element was preferred gap was used as the 
organizing principle 49% of the time and run 30% of the time. 
There were also two patterns for which both component one-ele- 
ment patterns had incompatible predictions. These data (based on 
only 30 descriptions) do not appear in Table V, but showed the 
same pattern of results: 47% of the organizations were predicted 
by the Tun principle and 43% by the gap principle. 

Eight of the patterns had component one-element patterns in 
which the gap principle would give an unambiguous prediction 
with the run principle giving an ambiguous prediction (e.g. 27^) 
or vice versa (e.g., 312). These cases are shown on the bottom two 
lines of Table V. Whichever principle would lead to an unambigu- 
ous prediction was used over 60% of the time. 

There was no suggestion in these data that an upward progres- 
sion plays any role in determining perceptual organization, 8$ it 
appeared to do with one-element patterns. These results with six- 
run patterns do, however, show that perceptual organization 0 
two-element patterns can be understood from knowledge of the 
organizing principles pertinent to the component one-element pat- 
terns, as was found for four-run patterns. 
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DISCUSSION 


The results for one-element patterns show that perceptual or- 
ganization was determined by two primary principles: gap, in which 
the pattern is organized so that the largest gap occurs at the end of 
the pattern; and run, in which the pattern is organized so that it 
starts with the longest run. These results also show that variability 
of perceptual organization was determined by compatibility: when 
the two principles are compatible in a particular pattern, à single 
organization is perceived or used; when the two principles are in- 
compatible, more than one organization is used. Thus which or- 
ganizations were used was determined by the run and gap principles, 
and how many organizations were used depended on the relations 
between these two principles in a given pattern. 


Figure-Ground Relations 


Since the pattern organizations used with two-element patterns 
Were composites of the pattern organizations used with the two 
one-element patterns composing those two-element patterns, it 
Seems reasonable to suppose that the two-element pattern was per- 
ceived with one element as figure and the other element as ground. 
The fact that the subjects in the present experiment showed strong 
Preferences for using organizations appropriate to one element 
rather than the other argues for this figure-ground approach to the 
problem, 

ES these patterns are perceived as figure-ground, the perceived 
pm nization of a two-element pattern is determined by the organi- 
of "m of the one-element pattern that is figure. But does structure 
dofi e one-element patterns determine figure-ground relations, OT 
gure-ground relations determine perceived structure? 


Ee of one-element patterns. The data on pattern organi- 
Organi or two-element patterns show that both the number of 
Em used as well as the particular organizations used 
E ed on the organizational properties of the two one-element 
ey composing the two-element pattern. However, the rela- 
two ES was not one of struetural interaetion in the sense that the 
E met patterns interacted to produce & new set of organ- 
n E. To illustrate, consider two-element patterns of four runs. 
tom Such pattern used in the present experiment, one of the 

Ponent one-element patterns had the run and gap principles 
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compatible, while the other one-element pattern had them incom- 
patible. It seems quite possible that the two-element pattern might 
have been organized in such a way that the compatible one-element 
pattern became figure, while the incompatible one-element pattern 
became ground. If this had occurred, then the two-element patterns 
with high variability of organization would be those in which each 
of the one-element patterns had a strong (thus competitive) 
organization, while the two-element patterns with low variability 
of organization would be those with one of the one-element pat- 
terns having much stronger organization than the other. The re- 
sults do not show any such effect. Furthermore, the two-element, 
four-run data (Table IV) show no greater tendency for subjects to 
shift from their preferred element when the preferred element pro- 
vided a pattern with incompatible principles than when the pre- 
ferred element provided a pattern with compatible principles 
(26% versus 29%). Likewise, for those six-run patterns in which 
an equivalent shift was possible (top two data lines in Table V), 
there was no greater tendency to shift toward patterns with com- 
patible principles than to shift toward patterns with incompatible 
principles (22% versus 21%). 


Properties of elements. Thus structural properties such as com- - 
patibility of organizing principles did not determine which element - 
of a pattern was figure and which was ground. Rather, which ele- 
ment was figure was determined first, and then the organizations 
perceived were those available in the one-element pattern that was 
the figure. Since the available perceptual organizations were not 
used equally often in the two one-element patterns, then the factors 
determining which element was figure and which ground also de- 
termined the perceived organizations, as well as the variability of 
organizations. Since previous research (see n. 2) has shown that 
difficulty of pattern perception is directly related to variability of 
organization, then these same factors also affected difficulty of 
pattern perception, 

In the present experiment, no experimental manipulations were 
used to affect figure-ground relations of the elements; the fact that 
equal numbers of subjects used each of the two elements as figu 
was simply happenstance. In a previous experiment (see n. 1), pru 
ever, it was found that the higher-pitched of two tones was mor 
frequently used as figure than as ground. Therefore such an expe? 
mental manipulation—as well as others pertinent to visual stimulus 
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patterns—could be used to alter figure-ground relations, and thus 
to alter the perceived organization and difficulty of two-element 
temporal patterns. 


Pattern Length and Number of Runs 


Research on both the perception of more rapidly presented tem- 
poral patterns and the learning of slower patterns* has shown the 
run rather than the single event to be the pertinent psychological 
unit. This fact means that length per se of a temporal pattern is 
not a crucial variable. But neither does it mean simply that number 
of runs is the crucial variable. Rather, these results show that inter- 
relations between run lengths determine pattern complexity and 
difficulty, in ways quite predictable from a small number of or- 
ganizing principles. 

To illustrate the lack of importance of both total pattern length 
and number of runs per se, as well as the importance of the 
configuration of pattern lengths, consider the following rather 
extreme example. Although there are no data on the pattern of 
seven events 211111, it is clear from the present analysis that it 
should be an easy pattern to perceive, since each component one- 
element pattern has either the run or the gap principle operating 
unambiguously, with the other principle being ambiguous. Thus 
there is just one acceptable organization for either of the one-element 
patterns, so that regardless of which element is figure, the pattern 
should be an easy one. If we increase the length to eight events by 
increasing the one longest run, to give 311111, the pattern should 
be at least as easy, and probably easier, because either the gap or 
m ag can operate more strongly. Previous data from Royer 
à arner (see n. 2) show that 21.4 events were heard, on the aver- 

"m before accurate tracking of the pattern could occur. 
à the pattern length is increased by making the pattern 211112, 
pattern should be more difficult, because while one of the com- 
Ponent patterns has the run and gap principles compatible (2/117), 
: à other component pattern has them incompatible (1’1’2”) with 
ene gap and run principles being equally strong in terms of differ- 
es of lengths, This incompatibility of one of the component 


8 + 
Dig for example, F. Restle, Grammatical analysis of the prediction of 
Informer” J. verb. Learn. verb. Behav, 6, 1967, 17-25; P. C. Vits, 
P,,,1^t0n, run structure, and binary pattern complexity, Percept. & 


phys., 3, 1968, 275-280. 
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patterns should make the organization more difficult to perceive; 
and, in fact, the previous research showed 30.5 events were heard 
before tracking began. 

Still further, if the pattern is increased in length by making it 
212111, it should be even more difficult, since now neither compo- 
nent pattern provides an unambiguous organization with either 
organizing principle (2/2’l’ and 11/1”), The previous research 
showed that 48.8 events were heard before tracking began. And asa 
last example, if the pattern of eight events is 211211, difficulty should 
become very great, because both component one-element patterns 
have incompatible run and gap principles operating (2/1"l' and 
121"). The previous research showed that 103.9 events were heard 
before tracking could begin. These four examples are the only pat- 
terns which ean be produced by adding one event to the original 
pattern. Difficulty of pattern perception for these four patterns 
ranged from among the easiest to the most difficult. 

Thus, clearly the critical factor in determining number of alterna- 
tive organizations and difficulty of pattern perception is neither 
length of the pattern nor number of runs. Rather it is the interac- 
tion of principles of temporal pattern perception in the two com- 
ponent one-element patterns. It is for such reasons that we argue 
that perception of these patterns is based on wholistic principles— 
that all elements and runs interact to produce the perceived organ- 


ization, and to make the pattern an easy or difficult one in which 
to perceive organization. 


MAINTENANCE OF FIRST-LIST ASSOCIATIONS 
DURING TRANSFER 


Leo PosrMAN and JANAT FRASER PARKER, 
University of California, Berkeley 


Abstract. This study investigated the effects on transfer and retroactive 
inhibition of first-list recall during the test trials of second-list learning (simul- 
taneous method). In Experiment I this procedure was used under four para- 
digms of transfer: A-B, C-D; A-B, A-C; A-B, A-Br; and A-B, A-B'. In Ex- 
periment II a direct comparison was made for two paradigms (C-D and A-C) 
between the simultaneous method and the conventional procedure (successive 
method). In the simultaneous condition the differences among paradigms in 
transfer learning paralleled those obtained under the successive treatment. 
The maintenance of first-list responses resulted in only a moderate retardation 
of transfer performance. Retroactive inhibition was reduced but not eliminated 
when the first list continued to be recalled in the transfer stage. In the simul- 
taneous situation the amounts of retroactive inhibition for C-D and A-C did 
not differ reliably and appeared to reflect primarily a reduction in the avail- 
ability of first-list responses. Progressive unlearning of first-list associations 
was in evidence only for A-Br. Mediated facilitation was observed under the 
A-B’ paradigm. 


S E O E 


The conventional experimental arrangements used in the study 
of negative transfer and interference may be regarded as paradigms 
of habit substitution. Consider, for example, the classical condition 
of negative transfer in which different unrelated responses are 
attached successively to the same stimuli (A-B, A-C). The task 
presented in the transfer stage leads the subject to substitute © for 
B, rather than to add C to B as an alternative response to A. Re- 
Sponse competition (the erroneous elicitation of B during the acqui- 
m of A-C) serves to reinforce the subject’s disposition to adopt 
his mode of attack on the transfer task. Substitution implies at a 
onem that the old responses fail to be rehearsed; it is likely 
3 at they are actively suppressed.! When recall of the first list is 
"quired, the process of substitution must be reversed abruptly. 

e What extent is the paradigm of substitution representative of 
‘onditions of interference outside the laboratory? Many verbal 

sks are completed and not practiced again, and hence are subject 


by ecived for publication November 3, 1969. This research was supported 
1 For ^ ME-12006 from the National Institute of Mental Health. ee 
Activ, ; = discussion of the possible role of response suppression in 
i is hibition, see L, Postman, K. Stark, and J. Fraser, Temporal changes 
erence, J, verb. Learn. verb. Behav., 7, 1968, 672-694. 
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to cumulative interferences from other activities. It is difficult, 
however, to think of many instances in which the old habits become 
explicitly wrong when the new ones must be acquired. More likely 
than not, the old associations remain correct as far as they go and 
may, indeed, continue to be used in the appropriate context. Learn- 
ing the names of objects in different languages provides a common 
example. Thus, the A-B, A-C paradigm applies to many situations 
in which there is an accretion of associations to the same stimuli 
rather than the substitution of the most recent responses for the 
earlier ones. The same considerations apply to such other paradigms 
of negative transfer as A-B, A-Br. 

It is reasonable to suppose that the amount of retroactive in- 
hibition is less under conditions of habit accretion than of habit 
substitution? Continued use serves to reinforce the older habits 
and increase their resistance to interference. Moreover, if the al- 
ternative associations to a stimulus are activated intermittently, 
the suppression of early responses in favor of more recent ones, if it 
does occur, can be only transitory. The question then becomes oné 
of the conditions under which, and the extent to which, retroactive 
inhibition does, in fact, develop when there is an accretion of sue- 
cessive habits. Does the establishment of new associations neces 
sarily entail some reduction in the availability of the previously 
learned ones, even though the latter remain correct and continue 
to be used? If so, what is the temporal course of the retroactive 
losses as the new habits grow in strength? One possibility is that 
some extinction or suppression of competing prior responses is in- 
evitable during the initial stages of the acquisition of the new a850- 
ciations. That is, there may be an initial phase of habit substitution 
even when the successive associations are cumulative rather than 
muia lly exclusive. The process of unlearning is presumably not 
sustained, however, once both the old and the new habits begin to 
be activated intermittently. On this assumption, retroactive 10- 
es should set in rapidly but level off early in the transfer 

ge. 

A further question of interest is whether differences in the amount 


by 


? This expectation receives some support from a finding reported a 


R. Popp and J. F. Voss, Aquisition: Transf tention of S-Ri 
S-R. associations as a function of S-R, and d de potum, J. exp. P. sychob 
70, 1965, 304-308. When two different responses are learned to the mn 
stimulus according to a pattern of alternation, unlearning decreases 48 
shifts from one response to the other become more frequent. 
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of retroactive inhibition among paradigms of specific transfer show 
a parallel pattern under conditions of accretion and of substitution. 
In the latter case the amount of retroactive inhibition is, in general, 
related directly to the degree of associative interference. This rela- 
tion should become less pronounced when old responses occurring 
in the transfer stage are no longer treated as errors that must be 
eliminated altogether; under these circumstances the frequency of 
explicit and implicit interlist intrusions may have only a limited 
influence on the level of unlearning. Under all paradigms the sub- 
ject’s task is to differentiate old from new responses while main- 
taining both for subsequent use. Thus, the differences among para- 
digms may be expected to diminish as the effective definition of the 
transfer task changes from one of substitution to one of accretion. 

In terms of experimental operations, there are two departures 
from the conventional procedures of transfer studies that serve to 
define a condition of accretion rather than of substitution. First, the 
subject is informed prior to the beginning of the transfer task that 
the first-list associations will have to be recalled at a later time 
Second, tests of first-list recall are, in fact, interspersed among the 
trials of transfer learning. The operations defining a situation of ac- 
tretion must specify the schedule of such tests. The number and the 
temporal distribution of the occasions on which the original re- 
"Donses are reactivated constitute a critical difference between the 
two kinds of transfer learning. In the present study, tests of recall 
of the old and of the new associations occurred with equal fre- 
dency and in close temporal proximity. Specifically, recall of the 
E as well as of the second-list responses was required on every 
in E in the transfer stage. This schedule was considered optimal 
d Initial investigation of interference under conditions of accre- 

E it would prevent persistent dominance of either the 
W T or the second-list responses, In Experiment I this procedure 
diterna to measure the course of changes in first-list recall under 
T paradigms of specific transfer. A direct comparison of both 
em is and Tetroactive effects under conditions of substitution 
qp, cretion was made for selected paradigms in Experiment 


3 * 

t forming Subjects prior to interpolated learning that there will be & 

ipi, -list recall has been shown to reduce the amount of retroactive 
‘Jon. See L, Postman and K. Stark, Retroactive inhibition as & 


te, Wig t during the interpolated task, J. verb. Learn. verb. Behav, 1, 
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EXPERIMENT I 


Method 


Design. The experimental design comprised four transfer groups and two 
control groups. The four paradigms of transfer were: A-B, C-D; A-B, A-0; 
A-B, A-Br; A-B, A-B’. Thus, in addition to the reference condition 
(C-D), there were two paradigms of negative transfer (A-C and A-Br) 
and one of positive transfer (A-B’). In the positive case retroactive facilita- 
tion was expected, since the acquisition. of the second-list response should 
provide an opportunity for mediation, or parasitic reinforcement. The con- 
trol groups learned and recalled a single list. The reasons for the inclusion 
of two control groups, which were given recall tests of different durations, 
are detailed below, in the section on procedure. 


Lists. The learning materials were lists of 12 paired associates, with single 
letters as stimuli and two-syllable adjectives as responses. There were two 
sets of stimulus letters and eight sets of response words, which were used to 
generate 16 different lists. The first and second lists were fully counterbalanced. 
Under all transfer conditions each of the 16 lists was used once as the first 
task and once as the second task. The lists were also used once each in the 
control condition. 

Within a list each response word began with a different letter. The stimulus 
letter and the initial letter of the response were never the same. Furthermore, 
different responses to the same letter (as in the A-C paradigm) did not begin 
with the same letter. Meaningful response similarity was minimized, except 
as required in the A-B’ paradigm. The B and B' terms were synonyms chosen 


from Haagen’s tables and from norms obtained in a prior standardization 
procedure.* 


Procedure. The first list was learned to a criterion of 7/12 by the study- 
test method. The pairs were presented in four different orders on the study 
irisls, and four other orders were used on the test trials. The rate of presenta- 
tion on all trials was 2 sec., with a 4-sec. intertrial interval. : 

The interval between the first and the second list was 3 min. There were 8* 
study-test cycles of second-list learning. On the study trials the pairs were 
presented at a 2-sec, rate, There were four different orders of presentation. 
The method of modified free recall (MMFR) was used on the test trials. The 
Ss in the transfer groups were given 2 min. in which to write down both the 
first-list and the second-list responses to the appropriate stimuli. In the A-C, 
A-Br, and A-B' conditions, there were two blanks next to each stimulus letter 
on the test sheet. In the case of the C-D paradigm, the stimuli from bo 
lists were included, in separate columns, with a single blank beside each. The 
stimuli were listed on the test sheets in four different orders. 

The control Ss were given six test trials on the original list. These 
were spaced so as to begin at the same time as the corresponding tests 1? 


trials 


*The standardization procedure is described in L. Postman, Differenc® 
between unmixed and mixed transfer designs as a function of paradigm 
J. verb. Learn. verb. Behav., 5, 1966, 240-248, 
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transfer conditions. The intervals between successive tests were filled with a 
digit-symbol substitution task. One control group was allowed 1 min. for the 
completion of each test, and a second control group was given 2 min. per 
test. These two groups are designated Control 1 and Control 2 respectively. 
The use of a l-min. test was designed to take account of the fact that the 
control Ss had to recall half as many responses as the Ss in the transfer groups. 
The group given 2-min. trials was added in order to equate precisely the 
temporal distribution of tests in the control and the transfer conditions. The 
estimate of the absolute amount of retroactive inhibition was, of course, 
maximal with respect to Control 2. 

The Ss were given full instructions at the beginning of the transfer phase 
about the procedure to be followed on the test trials. They were informed 
that they would be free to write down the responses in any order they wished 
and were encouraged to guess. A new test sheet was handed to S at the be- 
ginning of every. test trial and removed at the end of the recall interval. 


Subjects. There were 16 Ss in each of the six groups. The Ss were under- 
graduate students at the University of California who were not necessarily 
naive to verbal-learning experiments. Assignment to conditions was in blocks 
of six, with one S from each condition per block. The running order within 
blocks was determined by means of a table of random numbers, as was the 
assignment of Ss within groups to particular combinations of lists. 


Results 


First-list learning. The mean number of trials to a criterion of 
7/12 on the first list was 4.78, with the means of individual 
groups ranging from 3.94 to 6.12. The mean number correct on the 
criterial trial was 7.91, with a range from 7.81 to 8.06. There 
Was no significant variation among groups for either measure 
(both Fs < 1). 
ea E at learning. The mean numbers of correct second-list 
i. given on the successive MMFR tests in the transfer 
ied are shown in Figure 1. The stringent scores based on re- 
i vi the appropriate stimuli are plotted. The differences 
cd paradigms conformed to the conventional pattern. Rela- 
lor b we C-D reference condition, there was negative transfer 
i. A-C and A-Br; the effect was more pronounced for the 
of cor There was facilitation for A-B’, The mean total numbers 
! "ies responses given on the six test trials were: for C-D, 
eren or A-C, 43.6; for A-Br, 40.6; and for A-B’, 55.6. The dif- 

ces among paradigms were significant [F (3, 60) = 5.79, p 


S 
01]. The conelusions remain the same when only the first test 


Mean number correct 
o 
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3. 
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Fic. 1. Mean numbers of second-list responses given correctly on each test | 
trial in Experiment I 


trial is considered. In general, then, the trends in transfer were 
comparable to those obtained under conventional conditions. 

The differences between stringent and lenient scores can be sum- 
marized briefly. The latter were based on all responses from the list, - 
regardless of whether or not they were correctly associated. With 
the exception of the A-Br paradigm, the lenient scores exceed 
the stringent ones only by small amounts, For A-Br the lenient 


Scores were uniformly high because the responses were the same 
in the two lists. 


First-list recall. The stringent measures of first-list recall for 
the successive MMFR tests are shown in Figure 2. The mean 
total numbers correctly recalled on the six tests are presented m 
Table I. Attention is called first of all to the fact that the pe 
formance of Control 2 exceeded that of Control 1. The separation 
between the two conditions remained constant over trials; 00 the 
average, the extension of the test period from 1 to 2 min. per 
mitted the recall of approximately one additional item. Thus, Con- 
trol 2 yielded larger estimates of the amounts of retroactive 12“ 
hibition than did Control 1. However, the difference between the 
mean total scores of the two groups was not significant [t (30) = 
147]. 
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Fio, 2. Mean numbers of first-list responses recalled on each test trial in Ex- 
periment I 


The level of recall, as indexed by the mean total number re- 
called, was lower for the C-D, A-C, and A-Br paradigms than 
for the control conditions. As Table I shows, the overall amounts 
of retroactive inhibition were closely comparable for these three 
conditions. The A-B’ paradigm fell between the two control treat- 
ments. The scores of Control 1 and of the four transfer groups 
were used in a first analysis of variance of the total numbers cor- 
tect. The variation among the transfer groups was significant 
[F (3,75) = 9.12, p < 01]. 

Orthogonal comparisons showed that A-B’ yielded significantly 
igher recall scores than the remaining transfer paradigms [F (1, 
75) = 20.18], whereas the latter did not differ reliably (F < 1). 
Dunnett’s test was used to evaluate the difference between each 
transfer paradigm and Control 1. The amount of retroactive in- 
tibition was significant at the .01 level for C-D and A-C, and at 
he .05 level for A-Br. The difference between A-B' and the con- 
k treatment was not reliable. The conclusions remain the same 

en Control 2 is used in the comparisons. 

. The trends over trials are considered next. For C-D the func- 
on Was essentially flat; there was a substantial loss on the first 
a, end little change on the subsequent trials. The picture is simi- 
T for A-C, although there was some evidence of a progressive 
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TABLEI 


Mean Torar Numbers or First-List Responses RECALLED ON 
Six Test TRIALS: Experiment I 


Condition Stringent Lenient 
C-D 37.2 39.2 
A-C 37.1 39.9 
A-Br 39.6 62.0 
A-B' 51.1 53.1 
Control 1 49.4 51.9 
Control 2 55.3 56.7 


_ ee 


decline over the first four trials, followed by a slight reversal in 
the trend on the two terminal tests. Thus, for the A-C as well as 
the C-D paradigm, the major drop in recall was observed on the 
first test—that is, after the study trial on the second list. By con- 
trast, the initial drop for the A-Br paradigm was relatively small 
and was followed by substantial decreases on the next two tests 
and still another decline on the last trial. For A-B’ there was 4 
clear increase in performance between the third and the fourth 
trial, and the improvement persisted on the subsequent trials. 
The slopes of the recall functions were significantly different from 
zero (p < .01) for A-Br and for A-B’, but not for any of the 
other paradigms. Analysis of the linear trends showed that there 
were significant differences among the interference conditions 
(C-D, A-C, and A-Br) and that these conditions differed reli- 
ably from A-B’ [p < .05 and p < 01 respectively]. 

Certain characteristies of the recall functions deserve special 
emphasis. First, the overall losses were no smaller for C-D than 
for the paradigms of associative interference (A-C and A-Br 
On the early trials the difference was in the opposite direction, 
more so for A-Br than for A-C. This finding suggests that the 
initial losses represented, in large measure, a reduction in the 
availability of the first-list responses. The relatively high level of 
recall for A-Br is consistent with this assumption, since in this 
case the responses do not change in the transfer stage. Secon, 
there was no clear evidence for retroactive inhibition under e 
A-B’ paradigm, at least if Control 1 is accepted as the approp"! 
ate baseline condition. The requirement, to recall both lists prob- 


*In a previous experiment in which the study-test method was used, y 


significant amount of retroactive inhibition was obtained for tbe 
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ably encouraged the bidirectional use of mediators (A-B-B’ 
and A-B'-B), with beneficial effects on both transfer learning 
and first-list retention. Finally, there were divergent trends over 
the successive test trials. The rise in recall for A-B’ is readily 
attributable to the development and utilization of mediational 
chains (A-B’-B) in the course of second-list learning. On the 
other hand, the decline in performance under the A-Br paradigm 
implies that specific first-list associations were progressively 
weakened as second-list learning continued. Clearly, the proce- 
dure of re-pairing makes it difficult to maintain both the first and 
the second response to a given stimulus. Thus, transfer learning 
may not progress to full mastery unless at least some of the first- 
list associations are extinguished or suppressed. In agreement with 
this interpretation, A-Br was found in a previous study to be 
the only paradigm for which there was a significant amount of 
retroactive inhibition under conditions of multiple-choice learn- 
ing—that is, when correct performance reflected the integrity of 
oe associations and was independent of response availabil- 
ity. 

An analysis was carried out to determine the relation between 
speed of acquisition and recall for the items in the first list. On 
the basis of the numbers of correct test responses during original 
learning, the first-list pairs were divided into three categories: 
tm of high, medium, and low strength. Measures of recall were 
ca determined for each of the categories. The results are not 
in : reported in detail, but it may be stated that the differences 
te of recall observed for the total lists reflected, primarily, 
et "i ions in the numbers of correct, responses from the categories 
"à H and medium strength. There was relatively little forgetting 
para | of high strength. These conclusions hold both for the 
x js of transfer and for the two control conditions. It is 
limited “ta that the differences in performance were not 

o the weakest items. 
Bnet scores on the successive test, trials showed the same 
Under bs the stringent ones, except under the A-Br paradigm. 
fus at paradigm, the lenient scores on the initial test trial 
comparable to those of the control conditions and showed 


paradi H "n * 
transfer See L. Postman and K. Stark, Role of response availability in 
ep and interference, J. ezp. Psychol, 79, 1900, 168-177. 


Ostman and Stark (see n. 5 above). 
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progressive increases thereafter. These gains may, of course, be at- 
tributed to the cumulative improvement in second-list perfor- 
mance. 


Interdependence of first-list and second-list reponses. When the. 
stimuli remain the same, the paradigm of transfer is assumed 
to determine the degree to which the successive responses to à 
particular stimulus facilitate or inhibit each other. The nature 
of the paradigm should, therefore, have a systematic effect on the 
relationship between the recall probabilities of the two responses 
to the same stimulus. The relevant data for the A-C, A-Br, and 
A-B’ paradigms are summarized in Table II. The table shows 
(a) the numbers of joint occurrences of the first and of the 
second response to the same stimulus, (b) the numbers of such 
occurrences to be expected if the recall probabilities were inde- | 
pendent, and (c) the differences between the observed and the | 
expected values expressed as percentages of the latter. The meas 
ures, which were based on the pooled scores of all subjects, have 
been grouped over Trials 1-3 and 4-6. There were pronounced 
differences among the paradigms on the early test trials. The re- 
lation between first-list and second-list recall was strongly positive 
for A-B’, in the same direction but considerably weaker for A-C, 
and was clearly negative for A-Br. For purposes of interpreta- 
tion, it is important to recognize that the presence of a positive 
relation does not necessarily imply associative facilitation, since 
the relation may be produced by variations among stimulus terms 
—by responses being more easily attached to some stimuli than 
to others. Inferences about the operation of associative processes 
in the transfer stage must, therefore, be based on comparisons 9 
the paradigms. Thus, relative to A-C there was evidence for 88- 


TABLE II 


Jom? Occurrences or Finst-List anp Seconp-List RESPONSES 
TO THE Same STIMULUS: EXPERIMENT I 


Trials 1-3 Trials 4-6 
AST. . AN 
Paradigm [t] E % Diff. o E % pifi. 
A-C 136 128.6 +538 mi 22.7 19 
A-Br li^ 16.8 214.8 212 223.5 my 


Note: O = Observed, E = Expected, % Diff. = 100 x (O — E / E* 
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sociative facilitation in A-B’ and associative interference in 
A-Br. The reasons for the slight positive relation observed for 
A-C remain uncertain. 

The relative difference between observed and expected values 


. declined on the later trials for both A-B’ and A-Br. The per- 


centage for A-C, which was small to begin with, did not change. 
The possible range of the measures of interdependence was in- 
creasingly constrained as second-list learning progressed toward 
complete mastery. 


EXPERIMENT II 


The major purpose of Experiment II was to make a direct com- 
Parison of transfer and first-list, recall under conditions of acere- 
tion and of substitution. A further objective was to assess the 
Possible effect of a source of bias that may have been present in 
Experiment, I. Specifically, Experiment I used different methods 
of testing in original learning and in the transfer stage: rapidly 
Paced test trials in the former and the method of modified free 
recall (MMFR) in the latter. It is possible that this shift in con- 
text served to decrease the amount of retroactive inhibition and 
to reduce the sensitivity of the tests of recall to differences among 


| Paradigms. To check on this possibility, written tests of modified 


free Tecall were used in both stages of the present experiment. 
Consideration was limited to the C-D and A-C paradigms. These 
E treatments were chosen because they represent the conven- 
lonal reference condition on the one hand and the classical para- 
digm of negative transfer and retroactive inhibition on the other. 
he Previous failure to observe a difference between the two para- 
"gms provided an additional reason for their choice. 


Method 


deri There were four transfer groups, which represented the factorial 
Bun of two paradigms (C-D and A-C) and two methods of testing 
taneous and successive). The simultaneous method was that used in 


timent I: recall of the first as well as of the second list was required on 


| jj, Ut trials in the transfer stage. In the successive method, the test trials 


m the 


| o ae stage were limited to the second list, except for the last trial, 
| fo 


re, oi recall for both lists was taken. The terminal test trials were, there- 
Pope: eh”, comparable under the two procedures. There were two control 
original list One for the simultaneous procedure received repeated tests on the 
e » And the one for the successive procedure was tested once after 
*Ppropriate retention interval. These two conditions are 
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Control-repeated and Control-delayed respectively. Thus, the design comprised 
six (four experimental and two control) groups. 


Lists and procedure. The lists were the same as in Experiment I. First and 
second lists were again fully counterbalanced. Both the first and the second 
lists were learned by the study-test method. On the study trials the pairs 
were presented at a 2-sec. rate. There were four different orders of presenta- 
tion. The MMFR was used on all test trials. During first-list learning the Ss 
were allowed 1 min. to fill in the response blanks which appeared next to the 
stimuli on the test sheet. In the transfer stage the Ss in the simultaneous 
condition were given 2 min, to write down both the first-list and the second- 
list responses to the appropriate stimuli. The arrangement of the test sheets 
was the same as was used for the corresponding transfer groups in Experi- 
ment I. In the successive conditions, recall of only the second list was re 
quired, and the tests were 1 min. in duration. 2 

The first list was learned to a criterion of 7/12. One additional study trial 
was given after the criterion was attained.” There were seven study-test cycles 
in the transfer stage. During the first six cycles the test procedures differed 
for the simultaneous and the successive conditions as described above. On the 
seventh test all groups were required to recall both the first-list and the 
second-list responses. Thus, there was a terminal MMFR test that was directly 
comparable under all treatments and permitted the determination of first-list 
recall for the successive groups. Ar 

The Control-repeated group was given seven 2-min. tests on the original 
list; these were spaced so as to coincide with the corresponding tests m the 
transfer conditions The Control-delayed group was given a single MMFR 
test. The retention interval was equal to that between the end of first-list 
learning and the seventh test trial under the transfer treatments. All part 
of that interval not used for study. or test trials were filled with a digit-symbol 
cancellation task. It should be noted that there were periods occupied wi! 
the filler task not only for Control-delayed Ss but also for Ss in the succes 
sive conditions (who received 1-min. rather than 2-min. tests). The test trials 
for the latter conditions were spaced so as to begin at the same time as those 
in the simultaneous conditions, As in Experiment I, full instructions about the 


procedure to be followed on the test trials were given at the beginning of the 
transfer phase. 


Subjects. There were 16 Ss in each of the six groups. The Ss were drawn 


from the same population as in Experiment I and were assigned to condition 
in the same manner as before. 


Results 


First-list learning. The mean number of trials to the criterion 
of 7/12 was 3.25, with the means of individual groups rang 


n EN e 
1 The experimental arrangements made it necessary for the acquisition pret 
to end with a study trial, since there had to be time to score the last, €T 

test and to determine whether criterion had been reached. 


= ; „min: 
*In light of the results of Experiment I it was decided to give 27" 


FIRST-LIST ASSOCIATIONS 183 


from 2.94 to 3.94. The mean number correct on the criterial trial 
was 9.71, with a range from 9.38 to 10.12. There was no signifi- 
eant variation among groups in speed of acquisition for either 
measure (Fs of 1.12 and « 1.00 respectively). The number of 
trials was smaller and the terminal performance was higher than 
in Experiment I. However, the measures obtained in the two ex- 
periments cannot be compared directly, in view of the difference 
inthe method of testing. 


Second-list learning. The acquisition curves for the second list 
are presented in Figure 3. The distinction between the simulta- 
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E 3. Mean numbers of second-list responses given correctly on each test 
in Experiment II 


m and the successive treatments applies only to Trials 1-6. On 
of th 4 all groups were administered MMFR tests. The analysis 
Eurer results is limited to the first six trials. l 

Sübsta the paradigm of transfer and the method of testing had 
Was me effects on speed of second-list learning. Performance 
tteatme i under the successive than under the simultaneous 
erg ent and higher for C-D than for A-C. The mean total num- 

correct on Trials 1-6 in the successive condition were 59.8 


E— — OM 
is n 

amount the control group in order to obtain a maximal estimate of the 
Of retroactive inhibition. 
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for C-D and 49.2 for A-C. The corresponding values obtained in 
the simultaneous condition were 51.0 and 43.9. Both main effects 
were significant [Fs (1, 60) of 9.40 (p < .01) and 5.94 (p < .05) 
for the method of testing and the paradigm of transfer respectively]. 
There was no reliable interaction (F < 1). The separation between 
the two conditions of testing was essentially independent of para- 
digm; hence, the amounts of negative transfer were closely similar. 
It should be noted that the difference between the two methods of 
testing was not great. The scores of the simultaneous group lagged 
behind those of the successive group by approximately one trial. 
Thus, the recall of the first-list associations did not seriously retard 
performance on the transfer list. 


First-list recall. The mean stringent measures of first-list recall 
are shown in Figure 4. The trends in the simultaneous conditions 
resembled, in most essential respects, those observed earlier for 
the corresponding groups. The mean total numbers recalled on the 
seven test trials were 66.2, 57.2, and 53.4 for Control-repeated, 
C-D, and A-C, respectively. The combined transfer groups fell 
significantly below the control [F (1,45) = 448, p < .05]. The 
two paradigms did not, however, differ reliably from each other 
(F <1). Thus, while C-D appears to have had some advantage 
over A-C, an advantage which was not present in Experiment I 
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Fic. 4. Mean numbers of first-list responses recalled on each test trial in a 
simultaneous conditions and on the delayed test trial in the successive COP 
ditions in Experiment II 
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he difference was far from significant. For A-C there was again 
decline on the initial trials, followed by a reversal in the 
nd. The function for C-D as well as for the control condition 
as essentially flat. Thus, the difference between A-C and C-D 
in the terminal trial was equal to that on the initial test. 

call performance in the successive conditions is considered 
There was retroactive inhibition for both paradigms but, as 
ically found under the conventional treatment, the loss was 
ntially greater for A-C than for C-D. The difference be- 
i the control and the combined transfer groups was signif- 
icant, as was that between the latter [Fs (1, 45) = 31.76 and 
24.19 respectively, p < .01 for both]. 

The presence of a pronounced interaction between method of 
ling and paradigm is apparent. The relevant comparisons are 
on the results of the terminal MMFR test. The A-C para- 
m yielded a large difference between the simultaneous and the 
ssive treatment in favor of the former; no evidence of such 
erence was found in either the C-D or the control conditions. 
n the two transfer paradigms are compared, the interaction 
th the method of testing was significant at the .01 level [F (1, 
11.09]. Performance in the relatively unfavorable succes- 
€ situation necessarily set a limit on the amount of improve- 
that could be achieved by a shift to the simultaneous situa- 
Thus, a much greater change was possible and was actually 
ved for A-C than for C-D. The interaction may, therefore, 
‘taken to reflect the differential sensitivity of the two paradigms 

manipulations of the method of testing. 

An item analysis of the stringent scores, carried out in the same 
nner as in Experiment I, showed that the differential effects of 
e method of testing were present at all levels of strength. The 
nt scores were not appreciably higher than the stringent ones 
i@ yielded the same conclusions in all respects. 


Cond-list recall. The mean stringent measures of second-list 
in the successive condition were 12.0 for C-D and 110 for 
>. The corresponding values on the terminal test in the simul- 
Ous condition were 11.4 and 10.8 (see Figure 3). The measures 
he terminal test trial reflected the trends in acquisition. Con- 
ed by themselves, these differences fell short of significance. 
dependence of first-list and second-list responses. The de- 
f interdependence of first-list and second-list responses to 
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the same stimuli under the A-C paradigm was evaluated in the 
same manner as in Experiment I. The results are presented in 
Table III. In the simultaneous condition the relation observed on 
the first six transfer trials was again positive and somewhat 
stronger than in Experiment I. On the terminal MMFR test, set- 
ond-list performance was so high as to preclude any substantial 
discrepancy between observed and expected values. For what it is 
worth, there was a slight indication that the relation was more 


TABLE III 


Jorn? Occurrences or First-List AND SEcoNp-Lisr RESPONSES 
TO THE SAME STIMULUS FOR THE A-C PARADIGM: EXPERIMENT II 


Trials 1-3 Trials 4-6 
Simultaneous 177 2160.4. +10.3 307 282.2 488 
EX 
(0) E % Diff. 


Simultaneous 116 112.6 +3.0 
Successive 49 50.4 —2.8 


Note: O = Observed, E = Expected, % Diff. = 100 X (0 — E / B). 


likely to be positive in the simultaneous than in the successive 
condition. If this were the case, it would be possible to speculate 
that subjects are more prone to make occasional attempts at medi- 
ation in a simultaneous than in a successive situation. 


DISCUSSION 


The results of the present experiments support three conclusions: 
The first of these is that the requirement to maintain and recal 
first-list associations during the acquisition of the second list retards 
the mastery of the transfer task only to a very limited exten 
and does not alter the characteristic pattern of differences among 
specific paradigms. With the exception of the paradigm of medit 
tion (A-B’), the presence of an alternative prior association ap- 
pears inevitably to retard the attachment of a new respons? 

a stimulus. In light of the invariance of the paradigmatic 1° i 
tions under conditions of substitution and accretion, it 9*7, 
likely that the associative interference is not a consequence i 
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competition in the sense of the momentary dominance of one re- 
sponse over another. Rather, at least one important source of the 
“retardation of second-list learning may lie in the limitations of 
“the mechanisms that must function in the establishment of suc- 
"cessive associations. Thus, in the case of A-C the most effective 
implicit associative responses that can be used to link the mem- 
bers of the pairs may be preempted during the acquisition of the 
first list. Consequently, the attachment of stable responses to the 
functional stimuli may be, in principle, more difficult in transfer 
than in original learning, and this state of affairs holds true for a 
simultaneous as well as for a successive procedure. If one thinks 
in terms of an hierarchy of effective implicit responses, the subject 
must sample from the lower ranks in this hierarchy as he moves 
‘from the first to the second list. 

While a direct comparison between the two methods of testing 
Was made only for the A-C and C-D paradigms (Experiment ID, 
the results obtained in the transfer stage of Experiment I make it 
Apparent that A-Br and A-B’ maintained their normal positions 
Telative to the other paradigms under the simultaneous procedure. 
The factors that maximize associative interference under the A- 
Br paradigm, including the absence of consistent cues to the list 
Membership of specific pairs, should come into play under both 
methods of testing. As for A-B’, it has already been suggested 
that the requirement to recall both lists should encourage the sub- 
lect to make optimal use of the opportunities for mediational 
E A substantial amount of positive transfer was, in fact, 

ed in Experiment I. The analyses of the interdependence of 
E responses to the same stimuli bring out the sensitivity 
lists € simultaneous procedure to the associative relations between 


E ; pond conclusion is that retroactive interference is less un- 
0 ditions of accretion than of substitution, but is not eli- 
after d. For A-C and C-D the major retention losses occurred 

“decl; the study trial on the second list, with only relatively slight 

""lines in performance thereafter. The absence of a significant 

erence in the amount of retroactive inhibition between these 
digms implies that the losses reflected, primarily, a reduction 
Tesponse availability. The present results do not permit any 
sion about the mechanism responsible for these imme- 
A6 retroactive effects, It is reasonable to suppose that the study 
| ~~ 9n the second list constitutes an occasion for the unlearning 
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of first-list responses, During the study trial the subject neces- 
sarily focuses on the newly prescribed associations. In the interest 
of acquiring the new repertoire, suppression of first-list, responses 
may occur, in spite of the subject’s having been instructed that 
these responses will have to be recalled subsequently. 

The stability over test trials of the amounts recalled in the 
A-C and C-D conditions presents an interesting problem of in- 
terpretation. It is tempting to infer that after the first trial, the 
effects of unlearning and of test-trial rehearsal balance each other. 
Thus, each new study trial on the second list could continue to 
represent a new occasion for unlearning, but there would be no 
decline in recall because the practice provided by the preceding 
test trials had increased the resistance of the first-list response 
to interference. While such an exact balance of opposing influ 
ences would be surprising, it is logically possible. A plausible al- 
ternative is that the tendency to suppress first-list responses * 
greatly reduced, if not eliminated, as transfer learning progresse 
under a simultaneous procedure, whereas it continues unabated 
under a successive treatment. 

The progressive decline over test trials under the A-Br pare 
digm (Experiment I) indicates that in the face of persistent heavy 
interference, the extinction or suppression of conflicting associ 
tions cannot be avoided indefinitely, even in the simultaneous sit- 
uation. The rise in recall for A-B’ likewise reflects an inereasing 
influence of specific associative relations over trials, in this Cà 
producing delayed facilitation rather than interference. Thus, Wr 
der conditions of accretion subjects minimize or delay the suppres 
sion of conflicting associations and make progressively more €" 
fective use of the opportunities for mediation. . 

The third conclusion is that there are important similarities as 
well as differences between the characteristics of performance un- 
der conditions of substitution and of accretion. The method 0 
testing has only a minor influence on transfer learning, but ther 
are important effects on the maintenance of first-list associations, 
both with respect to the level of recall and the alignment of i 
paradigms of specific transfer, These findings make it appar’ 
that, in spite of their continuity, the principles governing transfer 
and retroaction are far from identical. Finally, a practical con 
clusion that may be worthy of emphasis is that the maintenant? 
of old associations can be achieved at relatively little cost 
efficiency of transfer performance. 
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: THE EFFECT OF ATTENTION ON 
BRIGHTNESS CONTRAST AND ASSIMILATION 


Leon FESTINGER, STANLEY Coren, and GEOFFREY RIVERS, 
New School for Social Research 
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Abstract. This paper reports three experiments that attempted to answer 
questions about the conditions under which brightness assimilation and bright- 
‘ness contrast are obtained. Brightness assimilation was found only under cir- 
cumstances in which the gray portion of the visual display—the gray portion 
being compared with some other standard gray—was not the focus of atten- 
tion, When attention was focused on this gray, brightness contrast was ob- 
tained. A theoretical explanation is offered in terms of the effect of attention 
zen perceived average brightness. 


known: a gray patch on a black ground appears brighter than the 
Same gray patch on a white ground. The phenomenon is pervasive 
And its parameters have been thoroughly studied. In addition, the 
facts and theories about lateral inhibition? seem adequate to ac- 
count for brightness contrast. 

At the same time there are a number of annoying facts that 
are not easy to reconcile with the phenomenon of contrast. These 
facts have also been well known for a long time. Von Bezold, in 
1874, described what he called a “spreading phenomenon” that 
à Since come to be called brightness assimilation It is, essen- 

; the opposite of brightness contrast, but it seems to occur only 
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in rather special circumstances. For example, if one places thin 
white striations on a gray background, one observes that the 
gray seems lighter than an identical gray with black striations on 
it. The phenomenon has been studied by many.* Among them, Hel- 
son has attempted to explain the conditions under which contrast 
or assimilation oceurs in terms of adaptation level. This explana- 
tion, however, is only partially successful. Beck, for example (see 
n. 4), found that Helson's theory does not account for the total 
range of his data. 

In addition to the complexity introduced by the phenomenon of 
brightness assimilation, there are reports in the literature of 
‘cognitive’ factors that affect the magnitude of brightness contrast 
and assimilation. Some of these reports are concerned with the 
effects of ‘figural’ qualities of the visual display. Koffka, for exam- 
ple, demonstrated different contrast effects on a reversible figure 
depending on which aspect of the visual display is seen as figure 
and which as ground? Several investigators have also demon- 
strated unusual brightness-contrast effects depending on whether 
a gray triangle appears to be on top of a black shape or adjacent 
to it.” Other cognitive factors are related to experience. For ex- 
ample, Beck (see n. 4) reported that with repeated exposure to 
stimuli that usually produce assimilation responses, observers 
begin to report brightness contrast. j 

Coren attempted to specify, under well-controlled conditions, 
the effect of ‘figure’ on brightness contrast.) In one experiment he 
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used a display that was seen as a gray rabbit on a black (or 
white) background. Rotated 180°, however, the display was seen 
as a gray space between two black (or white) faces of women. 
Thus, he could have the observers match the brightness of the 
identical gray in the identical stimulus display when that gray was 
figure and when it was ground. In another experiment he used 
stereoscopic stimuli to control which part of the display was seen 
as figure. A gray disc was made to stand out in front of a black 
(or white) ring, or the ring was made to stand out in front of the 
gray, Since observers perceive the part of the display that stands 
out in front as the figure, he could, again, have them match the 
brightness of the identical gray in a nearly identical stimulus dis- 
play when the gray was seen as figure and when it was seen as 
ground, The results are rather clear. When the gray that is matched 
is seen as figure, there is significantly more brightness contrast 
than when that identical gray is seen as ground. Thus, there does 
seem to be a cognitive factor influencing the magnitude of bright- 
hess contrast. 

To say that a cognitive factor such as the perception of figure 
affects simultaneous brightness contrast is interesting but not 
entirely satisfying. One would like to know how this cognitive 
factor operates, how it interacts with lateral inhibitory processes, 
and what the mechanisms are by means of which the magnitude of 
is altered. A possible, relatively simple, theory suggests 
“a visual system transmits information primarily about changes 

at occur, and not very much about steady retinal states, Evi- 
dence for this statement comes from both neurophysiological and 
ha eal studies. Thus Hartline, on the basis of physiologi- 
A evidence, stated that "the visual system is almost exclusively 
Ope to detect change and motion."? The same conclusion was 
M ed by others, on the basis of work with stabilized retinal 
E is well known that a stabilized image produced on 
e E (so that normal eye movements no longer produce 

ges in stimulation) rapidly disappears. In other words, if 

‘H, 
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there are no changes in stimulation on the retina, visual input 
seems to stop. This carries the implication that in normal vision, 
small continual eye movements produce changes in stimulation on 
the retina in the neighborhood of contours—that is, the neighbor- 
hood of sharp differences in intensity. This continual change in 
the stimulation of retinal receptors keeps information flowing in 
the visual system. 

But if the visual system does not in fact transmit much informs- 
tion about steady retinal states, the attempt to explain normal 
visual experience presents some problems. For example, what hap- 
pens if an observer looks at a large black square on a white back- 
ground, maintaining reasonable fixation in the center of the 
square? Presumably there is considerable information input from 
the contour but little or none from the center of the uniform black 
square. How, then, does the observer see a uniform black square? 
It must be that the central nervous system, in the absence of re- 
liable input from some area, assumes uniformity between con- 
tours. 

A convincing demonstration of this process was provided by 

Krauskopf.! The observer in this experiment is presented with a 
stabilized dise surrounded by a nonstabilized colored annulus. 
After a few seconds the stabilized disc fades and disappears. But 
what does the observer see then? He does not, of course, see an 
empty hole in a colored annulus. He simply sees 8 uniformly 
colored circle in his visual field. The same result has also been 
reported by Yarbus and Gerrits? Krauskopf (see n. 11) sum- 
marized the theoretical conclusions to be drawn as follows: 
It would seem that information indicating the existence of contours between 
regions of the visual field determine how the regions themselves are perceived. 
Under normal fixation conditions, responses generated by the movement 0 
the disk-annulus border over the receptors signal the existence of & change 
in stimulation between the disk and annulus. Under prolonged stabilized 
viewing, such information is absent and the whole field is seen in the color of 
the annulus since there only is information concerning the change in stimu t 
tion between the surround and the annulus. (p. 743) 

One might, be tempted to maintain, on the basis of this kind of 
evidence, that no information at all is transmitted about steady 
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sates on the retina. This is not a plausible assertion, however, 
considering other neurophysiological evidence. Microelectrode re- 
tordings in the optic tract and in the lateral geniculate show that 
the firing rates for steady states are directly related to the in- 
tensity of stimulation on the retina Nevertheless, these differ- 
ences are small compared to the transient responses that signal 
the magnitude of change. We can at least maintain, therefore, that 
information about steady states is relatively poor and unreliable. 

If the visual system does not transmit much reliable information 
about steady states, but only about changes that occur, then what 
determines the perception of absolute brightness levels? We would 
like to propose that the visual system takes a crude average of 
the relatively unreliable input about steady states across the entire 
visual field to establish an absolute brightness level. We would 
further like to suggest that areas of the visual field with ‘figural’ 
characteristics are overweighted in the computation of this crude 
average. Differences in brightness—that is, the changes in stimula- 
tion produced in the neighborhood of contours by continual eye 
movements—are then superimposed on this weighted average of 
brightness. 

The proposal that absolute brightness level is derived from a 
Weighted average over the entire visual field is not a new idea. For 
example, in the attempt to explain the phenomena of brightness and 
E constancy, investigators such as Katz and Bühler proposed 
: at the observer directly perceives the absolute level of illumina- 
a this perception being derived from the entire visual field. 
iid Eeently, Helson, addressing himself to the same problem, 
E: that “background reflectance, by virtue of the large area of 
= E and because background furnishes the border for all 
E in the field, is the most important single factor in the 
bro: eld determining adaptation reflectance which is to be E 
scene” as a weighted mean reflectance of all parts of the visua 
adapt; (italics ours).15 In general, of course, Helson’s concept of 

a ation level is similar in nature to our own proposal. > 

such an overweighting of ‘figure’ occurs, the average bright- 
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ness of a display in which the figure is brighter than the ground 
would be raised somewhat. 'The average brightness would be low- 
ered on displays in whieh the figure was darker than the ground. 
Assuming that the information about differences in brightness is 
symmetrically superimposed on this weighted average of bright- 
ness, this would result in displacement of the brightness of all 
parts of the visual display. We can thus deduce the following ef- 
fects. If a gray figure on a white ground is compared to an 
identical gray figure on a black ground, the perceived brightness of 
the former gray would be less than that of the latter gray. Thus, 
for figures one would observe brightness contrast. On the other 
hand, if one compares a gray ground with a white figure on it to 
an identical gray ground that has a black figure on it, the former 
gray would be perceived as brighter than the latter gray. Thus, for 
ground one would observe brightness assimilation. The combined 
effects of this process and the processes of lateral inhibition that 
push toward contrast might be expected to produce stronger effects 
for brightness contrast than for brightness assimilation. 

The preceding analysis suggests that ‘figure’ contrasts from 
‘ground’ and that ‘ground’ assimilates to ‘figure.’ However, Coren 
reported no instances of brightness assimilation in his data (se 
n. 8). He found brightness contrast for ground as well as for 
figure. His data showed only that there is more contrast when the 
test gray is figure, 

Let us examine what is meant by ‘figure’ and by ‘ground,’ and 
consider why there might be a difference in the weighting given 
to these different parts of the visual field. We generally denote 3 
figure that part of the visual field which captures the attention of 
the observer. This is the part of the display that he ‘looks at,’ that 
he examines, to which he is prepared to respond. The rest is back- 
ground, to which he ‘pays less attention. Let us propose that it P 
the act of attention that produces the overweighing in the absolute 
brightness averaging and not the quality of ‘figure’ per se Our 
theoretical suggestion then ean be revised as follows: That part of 
the visual field which captures attention shows the phenomenon ? 
brightness contrast; those parts of the visual field which are nol 
attended to are likely to show brightness assimilation. j 

If this is a correct formulation, we can then offer a tentative 
explanation of why Coren found no brightness assimilation in his 
study (see n. 8). If the observer is asked to match the brightness 
a test gray with a variable gray, then regardless of whether tha 
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test gray is figure or ground, regardless of whether it would nor- 
mally capture his attention or not, he is forced to pay some at- 
tention to the gray he is required to match. Thus, since the observer 
is always paying some attention to the gray, Coren obtained 
brightness contrast in all conditions. The distribution of attention 
over the display, however, is not the same when the gray is figure 
and when the gray is ground. This results in a difference in the 
magnitude of brightness contrast among the different conditions. 

If this relatively simple hypothesis can integrate and explain 
brightness contrast, brightness assimilation, and the effect of some 
‘cognitive’ factors on these phenomena, then it must, of course, be 
able to deal with the known circumstances under which brightness 
assimilation is normally obtained. These known circumstances 
should turn out to be instances in which the observer does not 
carefully attend to the test gray he is judging. Therefore, let us 
consider in detail those displays that normally produce brightness 
assimilation. 

The reader will recall that the kind of display which produces 
assimilation responses is one in which there are thin white (or 
black) striations on a gray ground. This has been shown both by 
Helson and Rohles and by Helson and Joy (see n. 4). Their data 
show that when the black or white stripes were thinner than the 
Interspaced gray stripes, brightness assimilation was obtained. 

hen, however, the gray stripes are thinner than the black or 
white stripes, brightness contrast is produced. Thin lines on a dis- 
pay are more likely to capture the attention and to be seen as 
E e producing the contrast or assimilation results that are 
Bir everal investigators studied this question systematically 
ate ound, indeed, that the thinner portions of a reversible stimulus 

More likely to be seen as figure than its broader portions.! 
Neh. come to the conclusion, then, that displays which normally 
eas E brightness assimilation are ones in which the test gray 18 
jectu s background. However, in explaining Coren’s data we con- 
Pan that asking the subject to match a test gray must force his 
TARS onto that gray to some extent. How do displays that con- 
Y produce brightness assimilation avoid this problem? 


TO A > 
Shirt grath Area, color, and brightness difference in & reversible 
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Let us examine, in detail, the procedures used in experiments 
that report brightness assimilation. These experiments typically 
present two gray rectangles side by side, one bearing thin white 
lines and the other bearing thin black lines. The observer is not 
asked to do any matching but is simply asked to report which 
gray looks lighter. In other words, the response asked for does not 
require very careful attention to the gray. In addition, the stimulus- 
exposure times are always kept brief, typically about three seconds. 
In short, when the test gray is ground and the response required 
does not force attention to the test gray, and when the presenta- 
tion time is brief enough so that the figure captures the attention 
effectively for that period of time, then one obtains brightness 
assimilation. 

Our speculations are, of course, amenable to exp crimental testing. 
If the task facing the observer is one that forces attention to the 
test gray, then figures that normally produce assimilation should 
show contrast. 


EXPERIMENT I 


This experiment was designed to answer the question about 
the effect of the method of measurement on whether one observes 
brightness contrast or brightness assimilation. The methods of 
paired comparison with brief exposures and of brightness matching 
were employed, both with stimuli that have been used in assimila- 
tion studies and with stimuli that typically produce brightness 
contrast. 


Method 


Stimuli, The ‘assimilation stimuli! were 10-cm. squares of gray paper pei 
reflectance) with regularly spaced black (24% reflectance) oF white (82% 
reflectance) vertical lines that were 6 mm. wide. The intervening gray oe 
were 12 mm. wide, The ‘contrast stimuli’ were the same size and consis ae 
a gray vertical bar, 38 mm. wide, in the center, flanked by two black or 
white bars, each being 31 mm. in width. Five practice stimuli were also en 
Three of these were uniform grays: one 1976 reflectance, another = fe 
flectance, and the third 50% reflectance. The two other practice stim 
tained either a white or a black 38-mm. square in the center of & 35o-re 
tance gray. ito 

Apparatus. The observer viewed the stimuli through a 23 cm. xd wert 
rectangular aperture equipped with a manual shutter. The qe 
mounted 85 cm. behind the aperture on a black (2% reflectance) 
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For paired-comparison judgments two stimuli were displayed simultaneously 
5 cm. apart. To obtain brightness matches, one stimulus was presented at a 
time. The observer, by turning a handle mounted on his right, could vary 
the size of the black and white sectors on a spinning Gerbrands differential 
rotor. Readings were taken in degrees of white from the rotor shaft and later 
converted to percent reflectance. 

The light incident on the stimuli was provided by a ring of ten 15-w. 
tungsten light bulbs mounted out of view behind the rectangular aperture. A 
filtered d.c. power source was used in order to eliminate stroboscopic effects 
on the rotor face, The lights produced a uniform flux of 50.3 ftc. at the plane 
of the stimuli, 


Subjects. Ten paid volunteers were recruited on the campus of Stanford 
University. All had 20/20 visual acuity, normal or corrected. 


Procedure. Each S made both paired-comparison judgments and direct 
brightness matchings of the stimuli. Half of the Ss did the paired comparisons 
first, and the other half did the brightness matchings first. For the brightness- 
matching situation, one stimulus was presented at a time and S set the rotor 
so that it matched the gray of the stimulus. Two matches were made, one 
starting with the rotor face obviously darker than the gray and another 
starting with the rotor face obviously lighter. The order of stimulus presenta- 
tion follows. Each S first matched the uniform practice grays of 19% and 50% 
reflectance in mixed order. Matches were then made for the 35%-reflectance 
uniform gray, the same gray as on the test stimuli. The four test stimuli—two 
-- stimuli and two contrast stimuli—were then presented in mixed 
order. 

To obtain paired comparisons, two stimuli—one with white and one with 
black—were simultaneously presented for 3 sec. and S was asked to state on 
Which side, left or right, the gray was lighter. He was told to guess if un- 
certain, The two assimilation stimuli were presented side by side four times, 
and the two contrast stimuli were presented together four times, Two other 
pairs—one consisting of the black square on gray and the white square on 
gray, another of the 19%- and 50%-reflectance uniform grays—were each 
Presented twice. The order of presentation of these stimulus pairs was random. 
Which stimulus in the pair appeared on the left or the right was balanced. 


Results 


With judgments made using the paired-comparison procedure 
and a 3-sec. exposure, we would expect the ‘assimilation stimuli’ 
to produce assimilation responses (the gray with white to be 
judged lighter) and the ‘contrast stimuli’ to produce contrast 
Tesponses (the gray with black to be judged lighter). This is what 
Was found, as Figure 1 shows. Seven subjects gave contrast re- 
sponses on all four presentations of the contrast stimulus pair. Two 
gave three contrast responses and one assimilation response, and 
only one subject gave one contrast and three assimilation re- 
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ASSIMILATION roures 


Li CONTRAST riaURES 


FREQUENCY 
1 


Fic. 1. Distribution of number of contrast responses out of four stimulus 
presentations for three-second exposure; paired-comparison technique 


sponses (significantly different from chance, p < .01, Kolmogorov- 
Smirnov test). The picture is quite different for the assimilation 
stimulus pair. Five subjects gave assimilation responses on each of 
the four presentations; three did so on three of the four presenta- 
tions. Only two subjects gave more contrast than assimilation 
responses (significantly different from chance, p < .05, Kolmogorov- 
Smirnov test). The two distributions were, of course, significantly 
different from each other (p < .01). a 

These results simply replicate what has been reported in the 
literature.5 With relatively thin black or white lines on a gray 
background, and with brief exposure in a paired comparison, one 
obtains brightness assimilation. The important point comes In 
comparing these results with the results obtained on the same 
stimulus figures using brightness matching. And as Table I shows, 
these results were quite different from those obtained by paired 
comparison. Here there was no longer any difference in the per 
produced by the ‘assimilation’ and by the ‘contrast stimuli. Both 
stimulus types produced brightness contrast. The gray with the 
white inducer was seen as significantly darker than the gray baer 
the black inducer for both the contrast (p < 01, t = 5.91) an 
the assimilation stimuli (p < .01, t = 7.60). Using this procedure 
for measurement, brightness assimilation did not occur. 


Discussion 


. ci " * D b- 

The data are consistent with the idea that the difficulty PAA 

taining brightness assimilation, even when the test gray m 
ground, lies in the measurement procedure that forces the 0 


11 S, Siegel, Nonparametric Statistics for the Behavioral Sciences, 1956. 
18 See Helson (n. 5 above). 
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TABLE I 


§ Marcu SETTINGS ON DIFFERENTIAL Rotor, IN PERCENT REFLECTANCE, 
yor Test Gray IN CONTRAST AND ASSIMILATION CONFIGURATION: 
Exrerment I 


Configuration 


Contrast Assimilation 


Day attention to that gray. This could well be the reason that 
n did not obtain anything but brightness contrast (see n. 
Thus, it is still possible to maintain the hypothesis that the 
‘of the visual field to which the observer pays attention shows 
effects while the part to which he does not attend shows 


With a longer presentation time, the observer would be 
shift his attention to the gray, and if this happened, the 
ements would show brightness contrast. Experiment II was 
igned to investigate this question. 


EXPERIMENT II 


he stimuli, the apparatus, and the general procedure were all similar to the 
“comparison portion of Experiment I. In this experiment the illumina- 
incident on the stimulus plane was 30 ftc. In addition to a condition 
& Which the pairs of ‘assimilation’ and ‘contrast stimuli’ were exposed for 
» nother condition was run in which the same stimulus pairs were ex- 
| for 10 sec, In this latter condition the Ss were told to pay careful atten- 
1o the gray on the stimuli and were instructed not to respond until the 
er was closed at the end of 10 sec. 
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Subjects. Twenty Ss with 20/20 normal or corrected vision were recruited 
from the New School for Social Research. Ten of them, randomly assigned, 
were in the 3-sec. exposure condition and the other ten were in the 10-seo, 
exposure condition. 


Results 


The results, in terms of the number of contrast responses ob- 
tained in the four presentations of the stimulus pairs, are presented 
in Figure 2. It is clear that for the 3-sec. exposure time, the results 


ema” 
E] CONTRAST 
8 FIGURES 


Lang 


3- SEC EXPOSURE 
10 


a a 


10- SEC EXPOSURE 


Fia. 2. Distribution of number of contrast responses out of 
presentations as a function of exposure duration; paired-compariso 


4 


f four stimulus 
n technique 


closely replicate the findings from Experiment I. All of the statisti- 
eal comparisons, analyzed as in Experiment I, were also similarly 
significant. Again, we obtained assimilation responses from n 
‘assimilation stimuli’ (p « .05) and contrast responses from 

‘contrast stimuli’ (p < .01). 


The results for the 10-sec. exposure condition are very different. 


| 
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P subject was encouraged to pay attention to the gray, 
enough time was provided for the subject to attend to 

both types of stimuli yielded primarily contrast. 
es, The difference in responses to the assimilation stimulus 
between the two experimental conditions was significant (p 
I t = 5.55). 


periments I and II make the same single point. If one pro- 
S conditions that direct the observer's attention to the gray 
stimulus configurations which presumably produce bright- 
similation, one then observes only brightness contrast. Bright- 
‘assimilation seems to occur if, and only if, the observer's 
on is caught and held by that part of the visual display 
h is not being judged. In the case of these so-called assimila- 
uli, the parts of the display that catch and hold the at- 
for brief periods are the thin black or white striations. 

‘our hypothesis of the effect of attention on whether one ob- 
contrast or assimilation is correct, however, the crucial aspect 
the existence of thin black or white striations. The crucial 
is, rather, in capturing and holding the attention of the ob- 
so that the test gray is not attended to even though it is 
of the display that must be judged. One should be able to 
other stimulus configurations that, at least for short periods 
e, also attract and hold the attention of the observer. If our 
ation is correct, these should also produce assimilation re- 
And since moving objects in the visual field tend strongly 
re the attention of an observer, we should be able to use 
property of movement to hold attention and thereby to pro- 
brightness-assimilation responses for stimulus configurations 
Would normally show brightness contrast. Experiment III was 
ned to examine this question. 


EXPERIMENT III 


this experiment compared the responses to four different stimu- 
ern and stimulus-presentation conditions. For some stimuli, 


e captures the attention and the figure is the area to be 
by the observer, only contrast responses should be obtained 
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here, whether the figure is stationary or moving. For other stimuli, 
the figure was black or white and the background was gray, the 
gray being the part of the display to be judged. When these latter 
stimuli are exposed for 10 sec., there is sufficient time for attention 
to be shifted to the gray, and hence we would expect primarily 
contrast responses. When they are exposed for only 3 sec., there 
is less certainty that the observer has time to attend to the gray, 
and hence we would expect sometimes to obtain brightness con- 
trast and sometimes brightness assimilation. And if, with these same 
stimuli presented for 3 sec., the black or white figure is made to 
move continually, this should help to capture and hold attention 
to the figure. Under these circumstances we would expect the gray 
to show primarily brightness assimilation. 


Method 


Stimuli. Each stimulus subtended a visual angle of 9°10’ in width and 6° 28 
in height. It was divided into two equal parts by a vertical black line 10’ wide. 
Each stimulus had a pattern of gray and white on one side and an identical 
pattern with black instead of white on the other side. The gray was always 
31% reflectance. Depending on the material used for constructing the stimuli, 
the blacks varied from 1.5% to 2.4% reflectance and the whites from 86% to 
88% reflectance. 

Four ‘contrast stimuli’ were prepared, using a gray figure on black and on 
white backgrounds. Two of these, a star and an H were stationary. For the 
other two, a circle moved from right to left and back, or a square moved up 
and down. The moving stimuli were made by preparing two or three stimuli 
in each of which the figure was in a different position so that when presented 
in succession at proper temporal intervals, apparent movement was seen. 

Twelve sets of ‘potential-assimilation stimuli’ were prepared. These con- 
tained on one side a black, and on the other side an identical white, figure 0D 
a gray background. Each of these sets could be presented as à moving figure, 
or one of the set could be presented as a stationary figure. Thus, for example, 
one set showed a 0 changing into a 3, which then changed into an 8 and then 
changed back again. For a comparable stationary figure, only the 8 was i 
sented. In another set an arrowhead could be made to flip back and for à 
from left to right. For a stationary figure an arrowhead pointing In just 
direction was used. Two practice stimuli were also used. These had physica^y 
unequal grays on the two sides. 
ee-channel tachistoscop? 


Apparatus. The stimuli were presented in a thr viii of the 


(Scientific Prototype Model GB320). The light incident on the 
stimulus was adjusted to 355 fte. for each channel. 
m the New School 


Subjects. Twenty-six paid volunteers were recruited wed all a 


for Social Research. All had 20/25 or better visual acui 


CONTRAST AND ASSIMILATION 203 


rected. Two of these Ss gave incorrect responses on the practice stimuli with 
wnequal grays and were discarded without further collection of data. This left 
4 Ss in the experiment proper. 

Procedure. Each S was shown the four contrast stimuli and the twelve po- 
tential-assimilation stimuli. For any one S, four of the potential-assimilation 
stimuli were presented stationary for 10 sec., four were stationary for 3 sec., 
and four were moving for 3 sec. The presentation mode was balanced so 
that over all Ss, each stimulus was in each mode equally often. The contrast 
stimuli were all presented for 3 sec. To minimize any possible order effects, 
the 16 stimuli were presented in blocks of four, each block containing one 
contrast stimulus, one 3-sec., one 10-sec. and one moving potential-assimila- 
tion stimulus. The order of presentation within each block was also balanced. 

Each S was instructed not to respond until the termination of each stimulus 
presentation. He was then to describe the stimuli and to indicate on which side 
of the stimulus the gray was lighter. He was asked to guess if uncertain. The 
instruction to describe the figures was intended to heighten the likelihood 
that $ would pay some attention to the figure on each stimulus. 


Results 


Each subject made four judgments in each stimulus-presentation 
mode. A score from zero through four was given to each subject 
for each mode according to the number of contrast responses. If 
the subject, did not give a contrast response, it was, of course, an 
assimilation response. Table II presents the means and standard 
deviations of this measure for the four presentation modes. 

: The ‘contrast stimuli,’ whether moving or stationary, yielded 

ontrast responses almost exclusively. Twenty-two of the subjects 

E four contrast responses; the other two subjects gave three 

he dmm responses out of a possible four. Thus, when the gray to 

e ged was also the figure, so that all attention was centered 
; unequivocal brightness contrast was obtained. 


TABLE II 


Mean Noumper or Contrast RESPONSES OUT OF 
Four STIMULUS Presentations: EXPERIMENT III 


Contrast figures Assimilation figures 
10-sec. 3-sec. 3-sec. 
uo e ü ey 
n number 
of contrast 
jp Ponses 06 1.17 


204 FESTINGER, COREN, AND RIVERS 


The ‘potential-assimilation stimuli,’ when presented for 10 see. 
as stationary patterns, still yielded primarily contrast responses, 
although considerably fewer than did the contrast stimuli. The dif- 
ference between these two was significant (p < .01 using a sign 
test). Eighteen subjects showed fewer contrast responses, five 
showed the same number, and only one showed more, on the 10-see. ` 
stationary exposure than on the contrast stimuli. Contrast responses 
were obtained significantly more often than chance, however (p € 
.05). Fifteen subjects gave three or four contrast responses, while 
only four of them gave zero or one. The difference between the 
contrast stimuli and the 10-sec. stationary potential-assimilation 
stimuli was as expected, although not compelling from a theoretical 
point of view. After all, the amount of black or white that pre- 
sumably produces the contrast was markedly different between 
these two sets of stimuli. 

The comparison between the 10-sec. and the 3-sec. stationary 
conditions is more relevant theoretically. Here the subjects Were 
comparing identical stimuli, the only difference being the duration 
of presentation. When these stimuli were presented for only 3 sec. 
significantly fewer contrast responses were obtained (p < 01). 
Seventeen subjects showed fewer contrast responses, four the same - 
number, and only three give more contrast responses on the 
than on the 10-sec. exposure. This again was in line with expecta- 
tion. If the exposure time is so brief as to interfere with the transfer 
of attention from the figure to the gray, we would expect fewer re- 
ports of contrast. Again, however, the comparison was not compel- - 
ling since we did not obtain, on the 3-sec. exposure, significantly 
more assimilation than chance would allow. The average was al- 
most exactly 2.0, and one might argue that in & brief exposure, 
with little opportunity for examination, observers simply gues "ü 
thus yielding chance results. This seems implausible since the con- 
trast stimuli were also only presented for 3 sec., and the respond 
were clearly contrast responses. Nevertheless, it is @ possibility. 

The critical comparison lies between the 3-sec. stationary cond 
tion and the 3-sec. moving condition. This difference was highly 
significant (p < .01). Seventeen subjects gave fewer contrast Te 
sponses, six the same number, and only one gave more on t yo 
moving stimuli than on the stationary ones. Furthermore, 
the moving stimuli, significant evidence of brightness assim! ati 
was obtained (p « .01). Only two subjects gave three or n 
contrast responses. Eighteen subjects gave zero or one contrast 
response. In other words, with this brief, 3-sec. exposure, and wi ] 


TT 
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a stimulus where the figure so moved as to capture the attention of 
the observer, brightness assimilation with stimulus patterns that 
are not normally considered assimilation stimuli was obtained. 


Discussion and Conclusions 


The data from all three experiments are consistent with the 
theoretical explanation that we advanced. It is necessary, how- 
ever, to look at other possible interpretations. The main alternative 
explanation that suggests itself concerns possible differential eye- 
movement patterns between different conditions. After all, eye 
movements and fixation points were not controlled in any of the 
experiments; the observers were free to move their eyes at will. 
It is quite plausible to suppose that an observer's eyes fixate dif- 
ferently depending upon what attracts his attention and depending 
upon the task. There are two separate ways in which such eye- 
movement differences could affect measurements of brightness con- 
trast. First of all, there could be differences in magnitude of contrast 
depending upon the position of the image on the retina. Secondly, 
if the eye movements are different, the sequence of successive bright- 
hess contrasts could be different. Since our measures undoubtedly 
reflect a combination of simultaneous and successive brightness 
Contrast, this might explain our data. Let us consider each of these 
Possibilities. 

As to the first possibility, let us begin by saying that we have 
found contrast effects if the observer pays attention to the test 
gray, and assimilation effects if the observer's attention is held 
away from the test gray. If we attempted to explain this result in 
terms of eye fixation and consequent different regions of the retina 
On which the image falls, we could restate it as follows. If the 
test gray falls in or near the fovea, one obtains contrast, and if 
the test gray falls on the retinal periphery, one obtains assimila- 
tion, The results would be adequately explained if one found that 

rightness-contrast effects were strongest at or near the fovea. 
i Unfortunately, we have not been able to find any good data in 

e literature that bears on this question. What little we have 
been able to find seems to indicate the opposite. Tschermak, con- 
sidering the Schumann grid effect, came to the conclusion that 
Contrast is stronger on the periphery of the retina than on or near 

e fovea.!? More recently, Alpern measured the magnitude of meta- 


i | CAE Tschermak, Über kontrast und irradiation, Ergebn. Pi hysiol., 2, 1903, 
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contrast with the retinal position of the test field varying from 
foveal to 4.25? off the fovea and found steady increases in the 
magnitude of metacontrast as the test patch moves away from the 
fovea into the periphery. This perhaps supports the conclusion 
reached by Tschermak, but it seems highly unlikely that the 
mechanisms involved in metacontrast are the same as those in 
simultaneous brightness contrast. From existing data, it is not 
possible to reject completely the explanations based upon difference 
in fixation patterns between the various conditions. On the other 
hand, indirect evidence makes it seem implausible. 

As to the second possibility, let us ask whether the data can be 
explained in terms of successive contrast effects. If an observer 
fixates first, say, a white figure and then fixates a gray ground, 
successive contrast would occur and, presumably, produce a more 
marked contrast response. Perhaps in a 10-sec. exposure this occurs 
more frequently than in a 3-sec. exposure, since there is more time 
for such eye movements. It is, however, difficult to see how this 
process could produce assimilation responses. In addition, it does 
not seem that this process adequately explains the large number of 
assimilation responses obtained with moving stimuli, for when the 
white figure moves, there is a period of time in which that part of 
the retina previously stimulated by white is stimulated by gray. 
This, presumably, should add to the contrast effect rather than 
produce assimilation. It does not seem plausible to the authors that 
all of the results reported above can be explained in terms of differ- 
ent eye-movement patterns. 

In order to explain the known facts about the perception of 
brightness, it is necessary to begin to formulate a theory about 
the processing of information in the visual system. What informa- 
tion does and does not get transmitted? What is done with the 
information that is transmitted? We have brought together ^ 
number of statements to form a partial theory about visual informa- 
tion processing. Few of these statements are new, but bringmg 
them together seems to help explain the seemingly contradictory 
phenomena of brightness contrast and brightness assimilation. This 
theory can be summarized as follows: 


1. The visual system transmits information primarily about ee 
that occur on the retina and transmits little information 4 
steady states. 


20M. Alpern, Metacontrast, J. opt. Soc. Amer., 43, 1953, 648-657. 
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Because of continual eye movements, changes in stimulation on 
the retina occur in the neighborhood of contours—in the neigh- 
borhood of sharp intensity (or wavelength) differences. 

. The visual system interpolates between contours and assumes 
uniformity of stimulation in areas from which little or no infor- 
mation arrives. 

4. Absolute brightness levels are arrived at by an averaging over 
the entire visual field. 

. Those areas to which the observer pays attention are over- 
weighted in arriving at this averaged, absolute, brightness level. 

. Information about changes (magnitude of difference on two 
sides of a contour) is symmetrically superimposed on this abso- 
lute brightness level. 


rm 


I 


ce 


e 


We believe that this model can account for much of the data 
on brightness contrast and brightness assimilation. Furthermore, 
we have shown that by controlling exposure conditions in accor- 
dance with implications from this model, one can produce contrast 
With stimuli that normally yield assimilation and assimilation 
with stimuli that normally produce contrast. 


IMPLICIT SPEECH AS AN ENCODING MECHANISM 
IN VISUAL PERCEPTION 


RonznT L. CorzcarE and CHaruzs W. ERIKSEN, 
University of Illinois at Urbana-Champaign 


Abstract. The present experiment investigated the possibility that informa- 
tion encoding in visual perception consists of implicit speech. Since one-syl- 
lable words can be spoken, implicitly as well as explicitly, much more rapidly 
than three-syllable words, it was anticipated that subjects using one-syllable 
responses could encode more information from a rapidly decaying icon than 
those using three-syllable responses. Three or six nonsense forms were simul- 
taneously presented in a tachistoscopic exposure. One group of subjects had 
previously learned one-syllable names for the nonsense forms; and another 
group, three-syllable names. At temporal intervals after termination of the 
display that were too long for iconic storage to persist, a probe designated 
the location of one of the elements in the display and the subject was asked 
to report what nonsense form had been in this location. The one-syllable 
response group was found to have encoded significantly more information 
from the display. However the superiority of the one-syllable response group 
was not as large as would be expected from the differences in duration of 
implicitly speaking a one- as opposed to a three-syllable response. 


00-2 002 o 2o02 o 2 rrr 


Although differing in detail, most current models of informa- 
tion processing in visual perception distinguish several substages. 
There are the sensory channels through which the information 18 
conveyed to higher centers, where it persists for a brief duration as 
an image, or icon, before decaying rapidly. During that brief dura- 
tion, a scanning, or noting, process encodes the information into 4 
short-term memory system. Recent research has provided informa- 
tion on characteristics of the icon as well as on short-term memory 
storage. However the nature of the noting or encoding process 8 
still not clearly understood. Neisser has speculated that the process 
of encoding may be verbal? and although it is a rather crude 


Received for publication January 6, 1970. The investigation reported mé 
supported by United States Public Health Service Research Grant MH- 
and Research Career Award K6-MH-22014. X System 

1E. Averbach and A. 8. Coriell, Short-term memory in vision, Bell SPP 
tech. J., 40, 1961, 309-328; C. W. Eriksen and J. F. Collins, Temporal NC e 
of selective attention, J. exp. Psychol, 80, 1969, 254-261; G. Sperling, i 
information available in brief visual presentations, Psychol. Monogr» 
1960 (No. 11, Whole No. 498). 

2U. Neisser, Cognitive Psychology, 1967. 
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analogy, the notion that some part of the encoding process pro- 
ceeds as though one were saying to oneself the name of the object 
seems to have some introspective validity. Objective support for 
this possibility is found in experiments demonstrating that the 
most likely confusions in short-term memory for visually presented 
items are between those items whose names sound alike? 

The present experiment explored the possibility that the encoding 
process from iconie storage to short-term memory consists of im- 
plicit naming responses, or vocalizations. Landauer has shown that 


implicit speech occurs at about the same rate as overt speech. 
Further, the more syllables a word has, the longer it takes to say 
the word, whether the speaking is implicit or overt. Since iconic 
decay is quite rapid, generally being complete within 500 msec., 
monosyllabie names for stimuli should permit a greater number of 
stimuli to be encoded before the icon has decayed beyond the re- 
trievable stage than multisyllabie names if, indeed, the encoding 
does consist of implicit speech. 

Accordingly, three or six nonsense forms were simultaneously 
presented in a tachistoscopie exposure. One group of subjects had 
previously learned one-syllable names for the nonsense forms, and 
another group, three-syllable names. At temporal intervals after 
termination of the display that were too long for iconic storage to 
Persist, a probe, or indicator, designated the location of one of the 
elements in the display and the subject was asked to report what 
nonsense form had been in this location. It was assumed that the 
More nonsense forms the subject had encoded from the display, 
the higher would be the probability that the indicator point to one 
of the nonsense forms that he had encoded. It was further assumed, 

| and this was the primary interest of the experiment, that the 

| Subjects in the one-syllable response group would have been able 
to encode a larger number of nonsense forms from the displays 
before the icon decayed beyond the retrievable point than would 
those subjects in the three-syllable response group. 


A. D. Baddeley, Short-term memory for word sequences as ^ function 

Tiggeoustic semantic, and formal similarity, Quart. J. exp. Psychol, 18, 

E ENS; R. Conrad, An association between memory errors and "4 
ie : acoustic masking of speech, Nature, 193, 1962, 1314-1315; W. A. 
ez. Sten, Acoustic similarity and intrusion errors in short-term memory, 
"ER. PevchoL, 70, 1965, 102-108. : 

646. K. Landauer, Rate of implicit speech, Percept. mot. Skills, 15, 1962, 
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Eriksen and Collins (see n. 1 above). 
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METHOD 


Subjects. Five men and seven women, students at the University of Illi- 
nois, served as paid Ss. All had normal or corrected-to-normal vision. 


Apparatus and stimuli. Stimuli were presented with a Scientific Prototype 
Model GA three-field tachistoscope, which had been adapted to use Sylvania 
F4 T5/CWX. fluorescent lamps. The adaptation field was kept dark except 
for a transilluminated fixation cross subtending .5° of visual angle at a lumi- 
nance of .5 mL. The experimental stimuli were eight nonsense forms (six- to 
eight-sided), constructed according to the method of Attneave.* Each form 
subtended .5° of visual angle on its maximum dimension, and they were ar- 
ranged around an imaginary circle of 24° diameter, centered on a fixation 
point. These forms were presented to S in either three- or six-form displays. 
For the six-form displays, the nonsense forms were located at the positions 
corresponding to 2, 4, 6, 8, 10, and 12 o'clock, and at the 4, 8, and 12 
o’clock positions for the three-form displays. For each display size a set of 
eight cards was prepared by photographing black paper cutouts of the non- 
sense forms on a white background. In constructing these three- and six-form 
displays, the forms were presented within the constraints that no form occur 
more than once on a display, that each form occur equally often in each set, 
and that each form occupy a given position equally often. : 

The third field of the tachistoscope was used to present the probe, which 
consisted of a bar designating one of the positions on the display. It was 
presented transilluminated in an otherwise dark field at a luminance of 5 
mL, It was located outside of the imaginary circle on which the forms were 
located and was positioned so as to constitute an extension of the radius of 
the circle through the designated form’s position. Its closest point was 33° of 
angle from the designated form. By transilluminating the probe, luminance 
summation-contrast, reduction effects for the nonsense forms and the display 
were eliminated.? 

The one- and three-syllable names for the eight nonsense forms were fan, 
boom, hem, con, cab, rat, dig, sup, and fantasy, boomerang, hemisphere, con 
fiscate, cabinet, ratify, dignity, and supplement. These words had previously 
been used by Eriksen, Pollack, and Montague, and met the following cri 
teria: (a) each of the one-syllable words was the first syllable of the three- 
syllable word; (b) each of the three-syllable words was accented on the first 
syllable; (c) all the three-syllable words were words in which all three m 
lables are enunciated in common usage; and (d) one- and three-syllable wor 
pairs were matched for Thorndike-Lorge frequencies. 


Procedure. Before beginning the experiment proper each S was given three 
practice sessions on a related tachistoscopic task using six nonsense forms 
(six- to nine-sided) different from those used in the experiment proper. B 
S was presented a single form at a brief duration and then 1 sec. later was 


¢F. Attneave, Physical determinants of the judged complexity of shape, 
J. exp. Psychol., 53, 1957, 221-227. i d and 

1C. W. Eriksen, Temporal luminance summation effects in backw: 
forward masking, Percept. & Psychophys., 1, 1966, 87-92. » D: 

sC. W. Eriksen, M. D. Pollack, and W. E. Montague, Implicit speec 
i mashaniam in perceptual eneodine? J. asp. Psvchol 1970, in pres 
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presented a four-form display. He was required to report which of the four 
forms was the one that had been previously presented. Besides providing 
familiarization with tachistoscopic tasks, these practice sessions were used to 
determine an exposure duration for the single-form display yielding 80% 
recognition-memory accuracy. The obtained values were then used as a basis 
for matching Ss in assigning them to either the one- or the three-syllable 
response group in the experiment proper. That this matching technique was 
effective in ensuring an equation in terms of visual perceptual ability is dem- 
onstrated by an obtained Pearson product-moment correlation of 86 between 
the recognition-memory exposure duration and the exposure duration de- 
termined for each S on the experimental task. 

Following the practice task and the assigning of Ss on a matched basis to 
the one- or three-syllable response group, Ss spent a session learning the 
respective response names for the eight experimental nonsense forms. The 
learning was accomplished by flash cards on which the nonsense form was 
on one side of the card and its name on the other. Practice was self-paced. 
The assignment of names to the eight nonsense forms was on the basis that 
the words correspond between the one- and three-syllable response groups; 
that is, a form called hem by Ss in the one-syllable response group was 
called hemisphere by the Ss in the three-syllable response group. 

After Ss had learned the names of the eight nonsense syllables to a criterion 
of twice through a flash-card set without error, they began a series of three 
additional practice sessions. They were presented the six-form experimental 
displays at a brief duration, with the probe occurring concurrently for 30 
msec, The S was required to report the indicated form, and E provided feed- 
back after every trial. During the last practice session, an exposure duration 
of the six-form display yielding approximately 85% accuracy with the con- 
current probe was established for each S. This exposure duration was used 
for both the three- and the six-form displays for that S in the remaining ex- 
Perimental sessions. For the one-syllable group the mean duration was 34 
Msee.; it was 38 msec. for the three-syllable group. 

Each S served eight experimental sessions. During each session he was 
Presented with both three- and six-form displays and with a probe that oc- 
SM either concurrently with the display or was delayed by 5, 1, or 3 sec. 

rials were organized in blocks of 12, and during an experimental session 8 
Teceived one block of trials at each combination of probe delay and display 
Size, For each display size, each position and each form was indicated equally 
often over the eight sessions. The order of trial blocks within an experimental 
ape was randomized. Each experimental session was preceded by a session 
ü the flash cards to ensure that S was still capable of errorless performance 
m naming the nonsense forms. There were 5 min. of dark adaptation and 
shang practice (using the six-form displays with concurrent indicator) 
s the experimental trials. During the experimental sessions, feedback 
s accuracy was provided by telling S at the end of each trial block how 

any, times he had been correct within that block. 


RESULTS 


In Figure | the average percentages of identifications that were 
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PERCENT CORRECT 


THREE-FORM DISPLAY 
SIX-FORM DISPLAY 
THREE-SYLLABLE RESPONSE 
ONE-SYLLABLE RESPONSE 


c 5 I 2 3 
PROBE DELAY IN SEC 


Fia, 1. Percentage of form identifications correct for the one- and i 
syllable response groups as a function of number of forms in the display an 
delay of the probe 


correct for the designated forms are shown as a function of the de- 
lay of the probe for the one- and three-syllable response groups. 
These data were analyzed in a matched-subject analysis of variance: 
Since the exposure duration of the display was varied for each 
subject so as to obtain approximately 85% correct performance 
when the probe occurred concurrently with the display, the con 
current probe data were left out of the analysis of variance. Thus 
only the data for probe delays of .5 sec. or longer were analyzed. 
As is apparent from Figure 1, performance for both three- and six- 
form displays was superior in the one-syllable response group 
[F (1, 4) = 7809, p < .01]. For both groups performance es 
superior on the three-form displays, but this is 4 trivial 8n 
expected finding since the chance level of success is higher that the 
probe, when it occurs, designates one of the encoded forms for ^ 
three-form display as opposed to a six-form display. 
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Using the procedure of Estes and Taylor? the three- and six- 
form displays were corrected for differences in chance level of 
performance and an estimate obtained as to the number of forms 
encoded by the subjects in the one- and three-syllable response 
groups. The formula is 

HB 1=—Pie 

PC = D =P TD Xs: 

where PC is the obtained percent correct responses, P represents 
the number of forms effectively processed, D represents the number 
of forms in the display, and there are eight equally likely alterna- 
live responses. This procedure yielded estimates of 1.69 and 1.73 
forms processed by the one-syllable response group on the three- 
and six-form displays respectively; for the three-syllable response 
group, the estimates of the number of forms processed were 1.32 
and 1.36 for the corresponding display sizes. As is seen, there was 
little or no difference in the number of forms processed as a func- 
tion of display size for either response group. 
_ The analysis of variance revealed no significant effect for probe 

delay over the interval of .5 to 3 sec. [F (2, 8) = 1.14, p > .20], 
but the interaction of probe delay and display size obtained signifi- 
tance at the .05 level [F (2, 8) — 6.05]. The effect of subjects was 
| lo significant at the .05 level. 


DISCUSSION 


The superior performance of the one-syllable response group is 
Consistent, with the assumption that the noting or encoding process 
consista of implicit naming, or speech, responses. The longer the 
Es naming response requires, the more the icon has decayed 
E the next item from the icon can be encoded, or named. 
a in, er, there are considerations which suggest that the process 
e iaa are not quite this simple. The superiority of the 
wo D able group over the three-syllable group was not as great as 
ks d be anticipated on the basis of the time required to implicitly 

Y a one- as opposed to a three-syllable word. 

€ recorded the vocal durations of the one- and three-syllable 


LI 
M LE. Estes and H. A. Taylor, Visual detection in relation to the display 
| hig, redundancy of critical elements, Percept. & Psychophys. 1, 1966, 
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words employed in the present experiment by feeding the output of 
a microphone into an oscilloscope. Spoken rapidly, the one-syllable 
words had a duration per word ranging from 200 to 250 msec., 
whereas the three-syllable words had a duration of approximately 
500 msec.!9 Since implicit speech requires roughly the same dura- 
tions as overt speech (see Landauer, n. 4), subjects in the one- 
syllable response group had, on the average, 200 msec. or more to 
encode a second form from the icon, or trace, of the display while 
subjects in the three-syllable response group were still in the 
process of encoding their first form. Given that the trace of the 
display persists for 500 msec., subjects in the three-syllable response 
group would have time to encode only one form whereas subjects 
in the one-syllable response group would be expected to encode two. 
But the obtained differences between the two groups were only 
about one-third this expected magnitude. 

The discrepancy could be attributed to measurement error except 
that the data of Eriksen, Pollack, and Montague (see n. 8) indicate 
the same type of discrepancy. These investigators measured the 
latency from the presentation of a word or a two-digit number to 
the beginning of overt vocalization of the stimulus. They were 
testing the possibility that subjects encode a stimulus by implicitly 
speaking its name before overtly vocalizing. The assumption was 
supported to the extent that vocalization latencies were found to 
increase by 11 msec. per syllable for both words and number 
stimuli in their well-practiced subjects. But again, the latency dif- 
ferences did not correspond in magnitude to the differences m 
voicing duration for the different classes of stimuli. The latency 
for three-syllable words (the same as employed in the present 
experiment) was, on the average, 21 msec. longer than for one 
syllable words (also the same as used in the present experiment). 
This despite the fact that it takes approximately 200 msec. longe 
to voice the three-syllable words. 

Both the present results and the data from the study by Eriksen, 
Pollack, and Montague strongly suggest a relation between 1m- 
plicit speech and encoding of information in visual perception, 
even though the temporal transformation is not on a one-to-one 
basis. It is possible that encoding occurs in several stages. There 
may be a ‘noting response,’ some kind of attentional act, tb 


10The voicing duration of three-syllable words is not three times ^ 
long as that of one-syllable words because the two unaccented syllables bs 
not take as much time as the accented syllable. 
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precedes the implieit naming response which then encodes the in- 
formation into a short-term storage system. This noting process 
may be able to operate several items ahead of the verbal encoding 
and, by having operated upon an item, thus delay its decay from 
the icon, or stimulus trace. The nature of this noting response may 
itself be an abbreviated form of an implicit naming response, 
which would account for the obtained relations between word 
length and encoding. 

It would seem clear that in the present experiment the effect of 
response length operated in the encoding or noting process rather 
than in short-term memory. If the obtained results were to be 
attributed to different numbers of rehearsals in short-term memory, 
the performance difference between the one- and three-syllable 
response groups should have increased as the probe was delayed. 
This because the longer the interval between the display and the 
probe, the greater the disparity in the number of rehearsals that 
would have occurred. For the 3-sec. delay, one-syllable responses 
could have been implicitly spoken several times more often than 
the three-syllable responses. As the data showed, however, the per- 
formance difference was present when the probe occurred .5 sec. 
lollowing the display, an interval too short to have permitted 
rehearsal in short-term storage. 

The interaetion between probe delay and display size is not 
readily explicable. For the six-form display, probe delay had little 
effect upon performance; but with three forms, performance was 
Poorest when the probe oceurred .5 sec. following the display. The 
most ready explanation is that the probe occurred at a point that 
interfered with the encoding process, but it is not apparent why 
this interference should have operated only for the three-form 
displays, However, this interaction was barely significant, and 
further work may reveal that it was attributable to chance factors. 


STIMULUS SELECTION BY FIVE-, SEVEN-, 
AND NINE-YEAR-OLD CHILDREN 


Rozert L. Sorso, Loyola University, Chicago 


Abstract. Functional stimulus selection by five-, seven-, and nine-year-old 
children was examined in a paired-associate learning and recall test. The com- 
pound stimuli were of two classes—geometric figures and colors—and the 
responses were pictures of common objects. Five-, seven-, and nine-year-olds 
all seemed to select the geometric figures as functional stimuli. Several alter- 
native hypotheses are offered to account for the results, among them an 
hypothesis of stimulus-habit hierarchy and an hypothesis of alternating 
stimulus selection. 


The tendency to select a portion of a compound stimulus and to 
use that portion as a functional stimulus has been the object. of 
considerable attention. Underwood and Schulz first suggested that 
stimulus selection plays an important role in paired-associate acqui- 
sition, especially when the stimulus elements elicit few associa- 
tions. In a direct test of this hypothesis, Underwood, Ham, and 
Ekstrand presented convincing evidence for stimulus selection as à 
function of the relative meaningfulness of the elements within 
compound stimuli? 

Recently Goulet, in an analysis of verbal learning in children, 
suggested that young children may tend to fractionate verbal 
stimulus terms more than older children or adults? His rationale 
was that stimulus integration is a direct function of exposur 
whieh generally corresponds to age. In addition, he offered an 
alternative suggestion, that differential acquisition rates, varying 
with age, may be due to non-stimulus selection among young 
children because of their naiveté in stimulus selection. 


, Received for publication October 22, 1969. An earlier part of the investit 
tion was supported by PHS Research Grant MH-15722-01, National Institut 
of Mental Health. The author expresses his gratitude to B. J. Underw S. 
who generously commented on an earlier draft of the paper. Barkan ir 
Solso and Sheryl Stice assisted in the gathering of the data, and the! 
contribution is gratefully acknowledged. ý 
fan J. Underwood and R. W. Schulz, Meaningfulness and Verbal Learnt 
2B. J. Underwood, M. Ham, and B. Ekstrand, Cue selection in paired: 
associate learning, J. ezp. Psychol, 64, 1962, 405-409. The stimuli used 
this study were colors and high- and low-meaningfulness trigrams. tal 

5 L. R. Goulet, Verbal learning in children: Implications for developmen 
research, Psychol. Bull., 69, 1968, 359-376. 
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Although some investigators have used compound stimuli in 
ning studies across age-levels, a direct test of functional stimulus 
stion among children has not been actively examined. In the 
esent study, children of five, seven, and nine years of age were 
nted with stimuli of two unique classes—colors and geometric 
ms—and with responses that were pictures of common objects. 
lowing acquisition under compound-stimulus conditions, the 
dren were asked to recall the response originally paired with 
1 component of the compound stimulus. If during original 
iming, they selected form as a functional stimulus, then recall could 
pected to be relatively faster for forms than for colors. On the 
hand, if the children attended to both form and color during 
nal acquisition, little difference between the recall rates of 
and colors would be expected. These factors were under 
investigation in the following study. 


METHOD 


eral design. The Ss learned a four-item paired-associate task in which 
ound stimuli were paired with a simple pictorial response. Following 
? perfect trial and a brief rest period, recall was tested in a series of trans- 
ials in which one-third of the Ss received the original material, one-third 
given one component of the compound stimulus paired with the re- 
es from the first list, and the remaining third were given the other 
ent of the compound stimulus paired with the original responses, 


ects. A total of 180 Ss, equally distributed among children five, seven, 
ld nine years old at their last birthday, with an approximately equal 

of boys and girls in each age-group, was used. Each original-learning 
COnsisted of 60 Ss for each of the three ages studied. Since each age- 
P was subdivided during the transfer trials into recall conditions, each 
condition within age-groups consisted of 20 Ss. The Ss were selected 
the public schools, Catholic schools, and college-campus schools, and 
re alternately assigned to test conditions. 


Task and paradigms. The experimental task consisted of learning four paired 
Sociates using standard anticipation learning and then relearning four paired 


(A}) were employed. Following one perfect acquisition trial, 20 Ss in 
age group received one component in a transfer task (A:-B), 20 Ss received 
her component (A;-B), and the remaining 20 Ss continued practice with 

pound stimuli (A}-B). If the functional stimulus is one component of 
Compound stimuli, then high positive transfer should be observed when 
a. 9mponent is employed as a stimulus on the first trial for recall. For example, 
Ye-year-old Ss select A; as a functional stimulus from the A} compound, then 
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the original learning paradigm is represented by A;-B. The Ss in the A;-B recall 
condition should then manifest high positive transfer of learning relative to 
the Ss in the A;-B condition. Conversely, if A: serves as functional stimulus, 
then the transfer in A;-B recall condition should be more rapid than in the ArB 
condition. 

Transfer practice was continued until Ss attained one perfect recall trial, 
but because of the possibility of differential learning rates with form stimuli 
as contrasted with color stimuli, only the first exposure to the stimulus components 
Ai, As, or A} was used in the analysis of stimulus selection. 


Stimuli and procedure. The stimuli and responses were mounted on heavy, 
flat, gray cards measuring 5à X 8} in. The compound stimuli consisted of 
symbols surrounded by colors—red, yellow, blue, and orange. The color mate- 
rial was identical to the material used by Solso. The color stimuli were 2} X 
3 in. cards affixed to the left portion of the gray cards. Within the color ele- 
ments, nonglossy photographs of geometric symbols were placed. These sym- 
bols were reproduced on white paper 14 X 2 in. thus leaving a à-in. color 
frame around them when placed on the color elements. The symbols were & 
square, a diamond, a star, and a cross. The four response pictures consisted 
of approximations of items used in the early vocabulary of the Stanford Binet 
Intelligence Scale; namely, horse, tree, telephone, and hat. The Ss respondi 
with the name of the object pictured. 2 

The instructions included a sample paired-associate card which contained 
a compound stimulus and response similar to the test material. The intent 
of the instructions was to identify the task without biasing the Ss in favor of 
either stimulus. The test cards were manually presented using standard an- 
tieipation procedure, with a 3-sec. intratrial interval and a 6-sec. inte 
interval. One errorless trial was the criterion for learning. During recall con- 
ditions Ai-B and ArB, one stimulus was eliminated from the compound 
stimulus, as described above. The recall procedure included a 3:3 presenta 
tion rate for transfer trials. 


RESULTS 


The original-learning means (trials to criterion) indicated mor 
rapid acquisition for the seven- and nine-year-olds (X = 6.9, SD 3.7; 
€ = 6.1, SD 28) than for the five-year-olds (X. = 10.6, SD 6.5): 
An overall analysis of data yielded F (2,177) = 11.12, P < 001. 

The means and standard deviations for the recall conditions an 
the subjects’ ages are presented in Table I and plotted in Figure 1. 
These data were treated by means of a 3 X 3 analysis in which one 
level consisted of age (five-, seven-, or nine-year-olds) and the other 
level consisted of recall condition (A,, As, or Aż. The age-level yiel 
an F (2,171) = 5.07, p < .01, while the recall condition yielded n 


‘R. L. Solso, Functional stimulus selection as related to color im 
verbal stimuli, J. ezp. Psychol., 78, 1968, 382-387. 
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E ([[ÍQQljb2noÓ——— X—— — ——————— M 
Stimulus characteristics 
ee 


Form alone Color alone Form and color 


Five-year-olds 
x 2.35 1.80 3.40 
SD 1.32 1719 71 


Seven-year-olds 
x 2.75 2.20 3.45 
SD 38 1.00 “59 
Nine-year-olds 
x 3.20 2.45 3.60 
SD .78 1.02 .50 
p. ààÓ4^412 LL 
F (2, 171) = 31.4, p < .001. The F ratio for the interaction was not 
statistically significant. 


TABLE I 
Means AND SrANDARD DEVIATIONS For First TRANSFER TRIAL 


Recall with color alone was the least effective condition, recall 
with form alone was more effective, and recall with the compound 
stimulus was the most effective. These results were consistent for 
all age-groups. It is apparent that appreciable recall occurred under 
all transfer conditions. Even the poorest recall—that of the five- 
year-olds, with color alone—was more than half as high as the 
same group’s best recall, with the compound stimuli. This is to say 
that neither color nor form was selected exclusively by most of the 
Ss within a group. 


m 


MEAN CORRECT RESPONSES 


Vear-olds rect responses on first transfer trial for five-, seven-, and nine- 
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DISCUSSION 


The present results indicated that functional stimulus selection 
does occur among five-, seven-, and nine-year-olds. The stimuli 
most frequently chosen by these groups were the geometric figures. 
But since there was a consistent and significant loss in recall of 
the geometric-figure stimulus as compared with the compound 
stimulus, it may appear that the figure component alone was not 
the complete functional stimulus. (An even greater disparity was 
noted between color stimuli and compound stimuli.) 

This investigation also revealed significant factors due to age. 
Of particular interest was the convergence of the color-stimulus 
and form-stimulus conditions with the compound-stimulus condi- 
tion during transfer as a function of age, even though the older 
subjects had less experience (trials to original learning) with the 
stimulus material than did the younger subjects. It is possible 
that the older subjects were better able to infer the last responses 
on the transfer trial because they had eliminated the other response 
alternatives. With only four pairs, subjects have an opportunity to 
deduce the last response with complete accuracy. What appears to 
have been increased stimulus selection for older subjects thus may, 
in reality, be a reflection of their ability to utilize a situation of 
ever-increasing constraint. 

This possibility was elucidated by examining the relative number 
of correct responses on the first, second, third, and fourth transfer 
items for each age-group. (Obviously, the three different recall 
sequences used in this experiment, with approximately equal num- 
bers of subjects in each condition, reduced the possibility of an easy 
response occupying the same position.) The total number of correct 
responses for the nine-year-olds was 64 for the figure condition, 
49 for the color condition, and 72 for the compound-stimulus 
condition, The proportions of responses correct per item were 22%, 
22%, 26%, and 30% for the first, second, third, and fourth 
positions (figure stimulus), and 21%, 26%, 22%, and 31% for the 
first through the fourth positions (color stimulus). In each case the 
last paired associate seemed easier. The results for the five- 
and seven-year olds yielded only a slight increase in correct 
responses for the last paired associate; in both these groups the 
correct responses were rather evenly distributed throughout the 
four paired associates. This analysis does indeed suggest t n 
what seemed to be an increase in stimulus selection among 


——soSBMB— A 1 ——————————  — n J)"]»!2-— 


STIMULUS SELECTION 221 


nine-year-olds may in large part have been due to their ability 
to use the decreasing sample of possible responses as a form of 
constraint and thereby deduce a correct response. 

Several theoretical questions are raised by the results of this 
study. First, the results may be interpreted in terms of differential 
habit strength between the two stimuli and one response. Such an 
argument is consistent with a Hullian concept of response hierarchy, 
but in the current context it refers to a stimulus hierarchy and holds 
that the habit strength formed between A»-B is greater than that 


formed between A,-B. This concept has some similarity to a con- 
figuration hypothesis. 

Second, the results may be interpreteted by suggesting that 
some subjects selected one stimulus of the compound while other 
subjects counterbalanced them by selecting the other component. 
(The mean recall, under these conditions, would not reflect the ex- 
tensive selection which in fact occurred.) If this did occur, it should 
be reflected in an exaggerated standard deviation on the recall 
trial as a consequence of bimodality. Among the five-year-olds, 
form-stimulus recall condition, the standard deviation does ap- 
pear to be exaggerated. In an attempt to further unravel this prob- 
lem, it was reasoned that if one subject counterbalanced another 

. subject by selecting different components, then this tendeney would 

_ be manifest in a dichotomous frequency distribution of the raw 
recall data, These curves did not reveal convincing evidence for 
this hypothesis, 

j E third possibility carries the same rationale as the second pos- 
sibility except that it suggests that the subjects may have selected 

| One component of a compound stimulus on one paired associate 
and then selected the second component on another trial. If this 
had been occurring, then the possibility of a habit hierarchy as 
Previously mentioned could have resulted. Furthermore, the results 
tould be additionally complicated by a combination of the second 
and third possibilities. A final interpretation of the data is that 
Subjects mediated from one stimulus element to another in recall. 

9 evidence was found for or against this hypothesis. / 
rl present experiment was not designed to test the specific 

| LS anisms in operation during learning with a compound stimulus 
| but rather to demonstrate the general tendency for young subjects 

? selectively attend to a eue within a compound. Further work 

| Ml test specific hypotheses on stimulus selection. 


RATE AND TERMINAL PROCESSES 
IN SKILL ACQUISITION 


MansHaLL B. Jones, Pennsylvania State University College of Medicine 


Abstract. After 16 trials of practice on micrometer adjustment, all sub- 
jects master the task, more or less; what little variance remains is mostly 
error. However, the rate at which subjects approach this terminal level of 
near-perfection can be retarded by systematically transforming knowledge of 
results: the stronger the transformation, the longer it takes subjects to master 
the task. With no such transformation, correlations among early trials of 
practice showed strong superdiagonal patterning. As practice proceeded, this 
pattern weakened and then, around Trial 7, collapsed; the correlation level 
dropped near zero and the matrix became disorganized. With progressively 
stronger transformations of knowledge of results, and in exaet proportion 
as learning was retarded, the superdiagonal pattern persisted longer and 
longer into the practice series before it finally disintegrated. These results 
are interpreted in terms of a two-process theory of individual differences in 
motor learning, based on the distinction between the level of proficiency à 
subject approaches at the end of practice and the rate or route he follows in 
reaching it. 


oe  - — 1 1  ———S 


Extended practice on any skill necessarily results in either of 
two general circumstances. Either all subjects approach a common 
level of proficiency, or they approach different levels of proficiency. 
In the former case, performance may be adulterated by varying 
amounts of random responding, and in the latter case, the terminal 
levels may be more or less different. Still, a good deal depends 
on whether practice brings the subjects to a common level of skill 
or spreads them out into stable but different levels. Practice on 
complex tasks generally spreads the subjects out, while practice on 
a few very simple tasks—lever positioning, line drawing; microm- 
eter adjustment—brings them together, because anybody can learn 
to master these tasks. Some take longer than others, but eventually 
everyone performs to near-perfection. 

In most cases, the correlations between trials of practice follow 
the superdiagonal pattern) The correlations are largest between 
neighboring trials and become smaller as the trials are more an 
more separated—become smaller, that is, across the rows to the 


Received for publication October 20, 1969. The research reported was SFP” 
sored by the Air Force Office of Scientific Research, Office of Aerospace BY 
search, United States Air Force, under Grant F44620-08-C-0072. 
wait B. Jones, Molar correlational analysis, USN Sch. Aviat. Med. Mono 
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right or up the columns. The smallest correlation is in the upper 
right-hand corner of the matrix. This pattern is the rule in matrices 
of intertrial correlations? but there are exceptions. In a few very 
simple tasks—in lever positioning, line drawing, micrometer adjust- 
ment; those same tasks in which all subjects approach a common 
level of near-perfection—only vestiges of the superdiagonal pattern 
may be seen. In one task, lever positioning, the pattern appears to 
be present, at first and then to degenerate as learning progresses. 
The evidence, moreover, suggests that the association with learning 
is essential. As all subjects approach perfection and as reliable 
differences in performance are eroded away, error elements loom 
larger and larger until the correlation level finally drops toward 
zero and the pattern becomes completely disorganized. 

In lever positioning, the erosion of reliable differences and the 
concurrent degeneration of the superdiagonal pattern appears 
clearly only in blocks of interpolated trials, when the subjects are 
given no knowledge of results. In micrometer adjustment, how- 
ever, the degeneration of the superdiagonal pattern does take 
place with knowledge of results given on every trial, and it does so 
in a highly systematic way: the superdiagonal pattern is present 
at first and then decays with practice. Micrometer adjustment, 
therefore, affords us an opportunity not only to study the learning 
process in the absence of terminal differences in performance but 
to study it with particular ease and directness. 


METHOD 


Subjects. The Ss were 200 airmen in basic training at Lackland Air Force 
plete None had previous experience with the micrometer, and all had com- 
ed at least eight years of formal schooling. 


Apparatus. The apparatus was a micrometer mounted 80 that its turning 
ES Projected through a wooden screen; the micrometer scale was visible 
d, E. A single full tum of the knob counted 25 ture units, The task 

* Ss were to learn was to turn the knob 200 units or eight full turns. They 
ew the goal was 200 units, but not that one turn equalled 25 units. (In 


ALB. I i implifieati 1. Rev., 69, 1962 
N . Jones, Practice as a process of simplification, Psychol. Rev. 89, Mis, 
tion i dy ae Individual differences, in E. A. Bilodeau (ed), Acqui- 
uM. B. Jones, Differential processes in acquisition, in E. A. Bilodeau (ed), 
«Miet of Skill Acquisition, 1900. dh 

- B. Jones, Knowledge of results and intertrial correlations in a simple 


m 
"or task, J. mot, Behav., 1, 1960, 331-240. 
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turning the knob a standard grip and turning motion were required: thumb 
and tip of forefinger on the knob, and wrist motion.) 

Procedure. The Ss were divided into five groups of 40. The groups differed 
in the feedback they received from E after each trial. In Group 100 S's re- 
sponse was reported truly. If he turned the knob four full turns, or 100 units, 
his reported score was 100 units. Since S knew that the goal was 200 units, he 
also knew that he was 100 units short. In the other four groups, S's true re- 
sponse (X) was systematically transformed into his reported score (Y). The 
transformations were: for Group 75, Y = 50 + 075 X; for Group 50, Yz 
100 + 0.50 X; for Group 25, Y = 150 + 025 X; and for Group 125, Y = 
175 + 0.125X. In Group 50, for example, an S who turned the knob 100 
units was told that he had turned it 150 units. 

All Ss were given 16 trials, each of which was followed by a reported score. 
About 5 sec. elapsed between the response and the reported score; 10 sec. 
elapsed between the giving of the score and the signal to turn the knob again. 
In each trial, the dependent measure was S's absolute deviation in true (un- 
transformed) units from the target. 


RESULTS 


This experiment was conceived and carried out by E. A. Bilo- 
deau.5 The trial means in the five groups were reported by him in 
his original report? and are reproduced in Figure 1. All five groups 
started at approximately the same point, just under 180 deviation 
units from the target of eight full turns; and they all ended with 
mean absolute deviations around 13 units. The rates, however, E 
which the response was acquired varied systematically. The curv’ 
for Group 100 was negatively accelerated throughout and reached 
asymptotic levels around Trial 9, long before practice ended; 
learning was rapid. In Group 75 it took the subjects somewhat 
longer to reach asymptotie values. In Group 50 it took them 
longer yet, and the performance curve was definitely sigmoid. 
These trends continued in Groups 25 and 12.5. In Group 125, 
learning was slowed to the point that the mean just reached asymp- 
totic levels by Trial 16. 

Table I presents the intertrial correlations plus means and 
standard deviations for Group 100. The table is broken between 


* The author is indebted to E. A. Bilodeau and to Ina McD. Bilodeau for 
their permission to report these data here. In the original report of this Wort 
the data were analyzed with respect to group differences only, not 1? 
differences. tion 

* E. A. Bilodeau, Speed of acquiring a simple motor response 95 ^ fu j 
of the systematic transformation of knowledge of results, this JougNAn 
1953, 409-420. 
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Fic. 1. Mean absolute deviation of true scores from goal score, plotted against 
Siecessive trials 
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Trials 7 and 8 in order to bring out the most striking feature of the 
results. In Trials 1-7 the intertrial correlations shape themselves 
into a superdiagonal form of moderate level and substantial regular- 
ity, From Trial 8 on, however, the pattern disappears; the correla- 
| tions among Trials 8-16 show hardly a trace of superdiagonal form; 
‘nd the cross-correlations in the rectangular block are Mant 
fompletely disorganized. i 
The correlational results for Group 75, which appear in € 
, »&re much the same, except that the superdiagonal form remains 
Intact, through Trial 9; the correlations among Trials 10-16 show 
‘weak tendency toward superdiagonality. 
€ correlational results for Groups 50, 25, and 12.5 are pre- 
ented in Tables III, IV, and V respectively. All three tables show 
e same general features as do the correlations for Groups 100 
ad 75, except that the superdiagonal form persists longer in each 
p tssive group. In Group 50 the break does not come until Trial 
5; in Group 25 the pattern is still strong after Trial 13, is 
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equivocal at Trial 14, and breaks down entirely in the last two 
trials. In Group 12.5 the pattern does not disintegrate until the 
last trial, and even there the correlations are positive, though they 
do not increase toward the superdiagonal. 

Dividing the trial sequences into initial (superdiagonal) and 
terminal (post-superdiagonal) segments may be misleading. It does 
not mean either that the superdiagonal segment is without irregu- 
larities or that the post-superdiagonal segment is completely dis- 
organized. In Table III, for example, the correlations among Trials 
13-16, the post-superdiagonal segment, show reasonably good super- 
diagonal form. The differential process that accompanies practice 
is continuous; it does not break off in sharp discontinuities. Never- 
theless, it does become plain at some point that the superdiagonal 
pattern no longer organizes the correlations. The main finding— 
and the one that dividing the trial sequences was intended to 
underscore—is that this point comes later and later in practice 
as we turn from Group 100 to Groups 75, 50, 25, and 12.5. 

The standard deviations are also noteworthy. In all groups the 
standard deviation of Trial 1 was around 7 units and the standard 
deviation of Trial 16 around 10. In Group 100 the largest standard 
deviation was at Trial 2; after Trial 2 the standard deviations 
took a generally decreasing course, becoming asymptotic around 
9 units at Trial 11. In Group 75 the standard deviations in- 
creased from Trial 1 to a maximum value of 49 at Trial 4 and 
then decreased by stages to asymptotic levels. In Group 50 the 
peak’ in the standard deviations came two trials later, at Trial 6. 
In Group 25 the standard deviations also peaked at Trial 6, though 
the value for Trial 7 was almost as large. In Group 12.5 the peak 
came at Trials 8 and 9. In all groups the standard deviations 
started small, increased to a maximum, and then fell away to 
asymptotic levels; but the trial at which the maximum value oc- 
curred came later and later in the trial sequence, as the acquisition 
Drocess was slowed down by progressively Stronger transforma- 
tions of knowledge of results. 


DISCUSSION 


In micrometer adjustment, differential organization decays 1n 
Precise proportion as learning advances. Groups 100, 75, 50, 25, and 
5 Teached asymptotic mean performance later and later in 
Practice, Meanwhile, the intertrial correlations started out strongly 
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patterned in all five groups; then the pattern weakened and broke 
down in the same order as the means became asymptotic. The pat- 
tern broke down first in Group 100 and then, in order, in Groups 
75, 50, 25, and 12.5. There was a perfect association between 
mean mastery of the task and disorganization of the correlation 
pattern. As reliable differences in performance shrank and then 
vanished, as all subjects approached the same level of near- 
perfection, the differential organization of the task weakened and 
then collapsed. 

The behavior of the trial variances is also noteworthy. On Trial 
1 the subjects were asked to turn the knob around once (25 units); 
thereafter, they were given knowledge of results. Since the goal was 
200 units, or eight full turns of the knob, the subjects tended to 
undershoot in the next few trials. Early in practice the mean 
response (in raw, not deviation, units) increased as the subjects 
worked their way from one to eight full turns of the knob. As the 
mean response increased, the variance associated with it also in- 
creased. Then, as the subjects began to ‘home in’ on the goal, the 
variance started to drop; by the end of practice the standard 
deviations were uniformly less than 15 units, like the means. 

In all groups, then, there was an initial rise in variance followed 
by progressive shrinkage, although the groups differed in the rates 
at which they ran this course. The differences, however, fell into 
the same order as the mean and correlational differences. As mean 
performance slowed up from group to group, as the superdiagonal 
pattern broke down progressively later in practice, the peak vari- 
ance came later and later in the trial sequence. * 

The importance of these results depends on the fact that in 
micrometer adjustment, terminal differences in performance are 
absent. The correlaton patterns that appear in Tables I-V reflect 
the rates at which different individuals approached a common 
level of proficiency, What we have in these tables is the rate 
process uncontaminated by terminal differences. When everyone 
terminates at the same level of proficiency, the superdiagonal pat- 
tern runs a weakening course with practice, correlation level drops, 
and regularity degenerates progressively, until finally the patter 
becomes completely disorganized with correlations ranging Le 
tively and negatively around zero. This gradually disorganizing 
superdiagonal pattern is a specific expression of the rate process. 

By the terminal process in practice, I mean the levels of pro- 
ficiency different individuals achieve after unlimited practice. In 
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srometer adjustment there is no terminal process as process— 
lv a common termination. Hence, the correlation patterns in 
ables I-V are pure rate patterns. It would be useful if we had 
terminal patterns as well, but it is more or less certain that 
ve never will because people do not proceed toward different 
minal levels by the same routes, with no individual variation 
M to rate or course. Fortunately, our inability to isolate the 
erminal pattern poses no great obstacle, because we know what this 
tten must be. The correlations generated by the terminal 
rocess are controlled by a single common factor, level of pro- 
kieney after unlimited practice; they form a Spearman unit 
lierarehy and obey the double-tetrad rule.’ The loadings, more- 
„ on this one common factor increase monotonically with prac- 
ice; the first trial has the smallest loading, the second a larger 
ne, the third still larger, and so on, while the last trial has the 
largest loading. Hence, the correlation pattern is a foregone con- 
clusion. The correlations increase down the columns and across 
ihe rows to the right. 
The factor which rules the terminal process is not hypothetical 
3 the usual sense. It is true that we do not know exactly what the 
te inal levels of proficiency are; but we do have a series of 
empirical variables—the trials of practice—which converge on the 
te minal measure. In the case of micrometer adjustment, of course, 
e 1$ no convergence because there is no terminal process. How- 
er, in more complex tasks, where practice spreads people out 
Ito different and stable terminal levels, trials of practice con- 
Verge quickly and closely on the theoretical terminus. Intertrial 
forrelations late in practice (in most tests, after 16 trials) are 
WPieally in excess of .90; and loadings on the one common factor, 
E * they never equal unity, at least theoretically, come very close 
With the distinction between rate and terminal processes, we 
uve arrived at a two-process theory of individual differences in 
Warning, According to this theory, individual differences in learn- 
Mg should be understood in terms of (a) a terminal process that is 
ntrolled by final levels of proficiency and (b) a rate process that 
cts individual differences in the routes (the eourses) different 
E Viduals take in arriving at their terminal positions. The termi- 
™ Process generates a Spearman unit hierarchy with loadings on 
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the one common factor that increase monotonically with practice; 
the rate process generates & superdiagonal form that is strong at 
the beginning and wastes away with practice. The total correlation 
pattern is & combination of these two component patterns and 
should be analyzed in terms of them. 

The principal alternative to this theory is factor analysis. Many 
psychologists understand individual differences in learning (as in 
every other area) in terms of hypothetical factors defined by 
factor-analytic convention. In the psychomotor area these factors 
depend partly on the trials of practice and partly on reference 
tests administered to the same subjects. Thus, the same trials of 
practice might have a different factorial composition if they were 
administered in conjunction with different reference tests. 

The two-process theory differs from the factor-analytie ap- 
proach in two fundamental respects. First, the two-process analysis | 
is empirical; it involves no hypothetical factors, except to the ex- 
tent that the last trial of practice fails to converge on final levels 
of proficiency. Second, the two-process analysis decomposes the 
differential process that accompanies acquisition into empirically 
separable components. Factor-analytie factors are purely analytic; 
they appear nowhere in pure form but only in conjunction with 
other factors. Theoretically they account for part of the covariance 
between trials, but the part that one factor is supposed to explain 
never appears uncontaminated by other parts attributed to other 
factors. In the two-process theory, on the other hand, the rate 
process is empirically separable from the terminal process. The 
whole importance of micrometer adjustment centers in the fact that 
in this simple task there are no differences in terminal proficiency: 
Hence, all reliable differences between subjects are due to differences 
in rate. 

The ordinary psychomotor situation involves both rate and 
terminal processes; and in general, the total pattern is superdiagona'. 
However, the separability of the two components suggests that 
there may be an exception to this rule. Terminal and rate patterns 
do not differ in the columns; in both cases the correlations incre» 
toward the superdiagonal, However, they do differ along the rows: 
In the rate process the correlations increase to the left, while m 
the terminal process they increase to the right. Now, in the early 
stages of practice the rate process is at its strongest while the 
terminal process is weak. Henge, in the early stages of Dr 


the total correlations will very probably decrease to the right, ™ 
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the superdiagonal way. However, late in practice the rate pattern 
has all but wasted away and the terminal pattern is at its strongest. 
Therefore, it is possible that late in practice the two components 
may combine to produce a total pattern which is not superdiagonal. 
If individual differences in rate peter out before most of the sub- 
jects have reached their terminal positions—if the terminal process 
continues a while after the rate process has stopped, or to put it 
another way, if individuals late in practice converge on their 
terminal positions in a uniform fashion—then we should see a 
piece of the Spearman unit hierarchy ‘sticking out’ past the super- 
diagonal pattern. Late in practice the correlations should increase 
to the right along the rows, instead of to the left. 

In the two-process theory, rate and terminal processes are not 
analytic artifacts but independent sources of covariance in the 
intertrial matrix. In consequence, it is possible for trials late in 
practice to show features (along the rows) of the Spearman unit 
hierarchy rather than the superdiagonal pattern, in violation of 
the general rule that correlations between trials of practice, par- 
ticularly in complex tasks, follow the superdiagonal pattern. Since 
nothing similar is predicted by the factor-analytic approach, a 
review of known intertrial matrices would seem to be in order. 
If any one of these matrices shows a clear tendency for correla- 
tions late in practice to increase along the rows to the right, the 
fact would constitute strong confirmatory evidence for the two- 
Process theory. 


SUMMARY 


Five groups of subjects practiced micrometer adjustment; knowl- 
edge of results was subjected to progressively stronger transforma- 
tions Írom one group to the next. The effect of these transforma- 
tions, as reflected in the trial means, was progressively to retard 
earning over the 16-trial practice sequence. As the transforma- 
tions became stronger, it took the subjects longer and longer to 
achieve mastery over this very simple task; in the end, however, 
all subjects in all groups reached near-perfect levels of perfor- 
mance. Meanwhile, the patterning of intertrial correlations under- 
Went parallel changes. In all groups the early trials showed clear 
*uperdiagonal form, but this pattern persisted later and later in the 
rial sequence as the transformations became stronger and stronger, 
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although ultimately correlation level dropped drastically in all 
groups and the correlations became disorganized. 

The interpretation of these results hinges on the absence of 
reliable individual differences after 16 trials of practice. As practice 
proceeds, error variations play a larger and larger role. In the early 
trials there are reliable individual differences in the rates or 
courses different individuals take in reaching the same terminal 
level, and these differences generate strong superdiagonal form. 
However, as practice proceeds, and the subjects converge more and 
more on a common level of terminal proficiency, reliable differences 
among them shrink steadily until finally little, if anything, re- 
mains except random error. At this point the intertrial correla- 
tions drop toward zero and all pattern disintegrates. This entire 
series of changes—the early appearance of superdiagonal form, its 
gradual weakening and final collapse, together with the reasons 
therefor—is called the rate process, because it grows out of dif- 
ferences in the rates or routes that different individuals follow in 
acquisition rather than out of the levels of proficiency in which 
they terminate. In more complex and difficult motor tasks, there are 
substantial and abiding differences in terminal performance 8$ 
well, and a terminal process that grows out of these differences. 
The terminal process generates a Spearman unit hierarchy in the 
intertrial correlations with loadings on the one common factor 
that increase monotonically through the practice sequence. The 
total correlations among trials of practice should be understood 
and analyzed as combinations of these two processes and the 
correlation patterns they generate. 


THE RELATIONSHIP OF STATE ANXIETY, FEEDBACK, 
AND ONGOING SELF-REPORTED AFFECT TO 
PERFORMANCE IN COMPLEX VERBAL LEARNING 


C. R. Snyper and Martin Karan, Vanderbilt University 


Abstract. The feedback in this study consisted of comparisons with high, 
average, and low standards of achievement; the verbal-learning task corre- 
lated 40 with actual classroom learning. Higher anxiety was found to be sig- 
nificantly related to poorer performance on the task. Going from high, to 
average, to low standards of comparison, there was & significant trend for 

performance to improve. For the group as a whole, positive self-reported af- 
fects correlated positively with performance and negative affects correlated 
negatively. For the medium- and low-anxiety groups, a majority of the 
positive affects correlated positively and a majority, of the negative affects 
correlated negatively. For the high-anxiety group, however, & majority of 
the positive affects correlated negatively and a majority of the negative af- 
fects correlated positively with performance. Affect change preceded estab- 
lishment of any significant affect-performance correlations. That the signifi- 
cant effects of feedback and anxiety were not reflected in the self-report 
sales of affect highlights the importance of verifying the outcome of experi- 
mental manipulations assumed on an a priori basis to alter the subject’s in- 
ternal state. 


___ 1 0: 070 o 


The purposes of this study were to investigate the relationship 
of state anxiety, feedback consisting of comparisons with high, 
average, and low standards of achievement, and ongoing affective 
experiences to performance on a complex learning task. The ex- 
perimental variables and methodology were selected after considera- 
tion of several lines of research. 

Since the development of the Manifest Anxiety Scale and the 
Test Anxiety Questionnaire, interest in the relationship of affect 

verbal learning has centered predominantly on anxiety. Results 
M humerous studies suggest that stronger and more consistent 
relationships are obtained when specific measures of situational 
Er (such as the Test Anxiety Questionnaire) are correlated 
Es performance than when a general measure (such as the Mani- 

| est Anxiety Scale) is employed? Consistent with these findings, 


iaired for publication November 11, 1969. 3 
Moe A. Taylor, A personality scale of manifest anxiety, J. abnorm. soc. 
lea 48, 1953, 285-290; G. Mandler and 8. B. Sarason, A study of anxiety 
ay ning, J. abnorm. soc. Psychol., 47, 1952, 166-173. j ; 
anxiety ; Sarason, Empirical findings and theoretical problems in the use o| 
Y scales, Psychol. Bull., 57, 1960, 403-415. 
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subjects for the current study were selected according to their 
scores on a 'state' form of the State-Trait Anxiety Inventory 
(STAI), designed to estimate feelings before a classroom test? 
The STAI has been evaluated as the most sophisticated of avail- 
able scales for measuring anxiety.* The first purpose of the study 
reported here was to test the most recent anxiety-theory formula- 
tions, using a situationally specific measure of anxiety. 

A second purpose of this study was to ascertain the effect on 
performance of feedback that consisted of either high, average, or 
low scores, each type being presented to different groups as the 
‘mean’ attained by subjects in a previous experiment at the 
university. Subjects comparing themselves with a high standard— 
one generally attained by 17% of the students in an earlier 
sample—were expected to experience more negative affect. Sub- 
jects comparing themselves with a low standard—one exceeded by 
83% of the earlier sample—were expected to experience less 
negative affect. Other research using ‘failure feedback’ has obtained 
an interaction effect of anxiety level and failure. Overall, high- 
anxiety subjects have been inferior to low-anxiety subjects. In 
almost all reported studies, the high-anxiety subjects have suffered 
a decrement in performance following failure feedback, in com 
parison with the high-anxiety nonfailure groups. For the low- 
anxiety subjects no decrement in performance has followed failure 
feedback, in comparison with nonfailure groups.® 

Considering the emphasis which theorists have placed on affect 
as a motivational source, there has been relatively little research 
relating affects other than anxiety to performance.’ One area 9 
research receiving scant attention is the relation of affect to 
performance at the time of the task, to performance on that task. 
Katahn, Snyder, and Durlak investigated self-reported affect, dur- 
ing performance in serial learning, noting the greater the degree 0 
negative affect, the poorer the performance? The third purpose 9 


$C. D. Spielberger and R. L. Gorsuch, Mediating process in conditioning 
Report of United States Public Servi MH-7229, MH- 
and HD-067, 1960. lic Health Service Grants 

+E. E. Levitt, The Psychology of Anziety, 1967, 71. i 

5 K. W. Spence and Janet A. Spence, Motivational components of manos 
anxiety: Drive and drive stimuli, in C. D. Spielberger (ed.), Anziety 
Behavior, 1966, 291-326. 

6 Spence and Spence (see n. 5 above), 312. 

7 C. E. Izard and S. S. Tomkins, Affect and behavior: Anxiety 88 a neg 
tive affect, in Spielberger (see n. 5 above), 81-123. "mo. 

8 Martin Katahn, C. R. Snyder, and Joseph A. Durlak, The relationshi 
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self-reported affect to performance in serial learning, Psychon. Sci, à P^ 


rent study was to examine the relationship of an expanded 
scale (including both positive and negative affects), to 
lance on a complex verbal-learning task. 

complex verbal-learning task used in this experiment was 
d to have a reasonable correlation (about .40) with ‘real- 
issroom learning? The subject’s job was to learn basic con- 
ts from Hullian theory. Thus, by the nature of the task em- 
in this study, fairly strong inferences from the laboratory 
rally occurring situations might be made. 


METHOD 


. Ninety men, students at Vanderbilt University, served in the ex- 
as part of their introductory-psychology course requirements. Ss 
selected according to their scores on a ‘state’ form (feelings before & 
m test) of the STAI, with 30 chosen from the top 20%, 30 from the 
iddle 4076, and 30 from the lowest 20%. The STAI was given at the begin- 

‘of the semester, which was one month before the start of the experi- 
The anxiety variable consisted of low, medium, and high levels of 
ty (LA, MA, and HA). 


ls. The learning task, described more fully elsewhere, consisted of 
covering Hullian learning theory and 14 questions based upon the 
tion items.1° For example, one information item was: “Conditioning 
e process by which a stimulus comes to elicit a response it did not for- 
elicit.” The related question was: “ is the process by which 
ulus comes to elicit a response it did not formerly elicit.” Similarly, all 
left a blank for the appropriate answer. All information and ques- 
ms took up two lines of space on slides, and were presented visu 
Screen for groups of Ss. 


esign and procedure. The design was a 3 X 3 X 2 factorial, the variables 

anxiety, feedback, and report versus no report of affective experiences. 
8 of approximately 15 Ss were administered the task in a classroom. 
had a booklet with an answer sheet for each trial. id 
back was manipulated at three levels: negative, average, and positive. 
average number' of correct responses for Vanderbilt students appeared 
top of the answer sheet for each trial. The negative-feedback condi- 
sted of ‘average numbers’ of correct responses, numbers which were 
one standard deviation above previously established means for each 
The average-feedback condition consisted of numbers of correct re- 
S Which were the same as previ established means. The positive- 
k condition consisted of numbers of correct responses which were on 
rd deviation below previously established means. A majority of the Ss 


in Katahn and Lee Branham, Effects of manifest anxiety on the 
ion and generalization of concepts from Hullian theory, this JOURNAL, 
575-580. 

hn and Branham (see n. 9 above). 
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in the negative-feedback condition were expected to fall below the standards, 
thereby experiencing more negative affect. A majority of the Ss in the posi- 
tive-feedback condition were expected to exceed the standards, thereby ex- 
periencing more positive affect. The Ss in the average-feedback condition 
were expected to fall between the other two feedback conditions with respect 
to affect. 

The report variable consisted of two conditions, groups receiving (report 
condition) and groups not receiving (no-report condition) the scales of self- 
reported affect. The scales consisted of the words annoyed, interested, anxious, 
calm, unpleasant, satisfied, bored, pleasant, excited, relaxed, tense, discouraged, 
and ashamed. The S could vary his response from 1 to 9 (with 1 denoting 
‘slightly,’ 5 ‘moderately,’ and 9 ‘strongly’) to show the degree to which he 
felt each word was descriptive of his experience at the moment. A self-report 
scale was taken before each trial for the Ss in the report condition. Two 
sets of instructions were necessary. Subjects in the report condition were told 
they would fill out a short questionnaire describing how they felt at that 
moment in the experiment, would study information presented via slides on 
ts screen, and then would supply fill-in-the-blank answers to questions over 
the information. The instructions were the same for the no-report condition, 
except the instructions about the self-report scales were omitted. 

Six trials were given. For Ss in the report condition, each trial consisted 
of (a) allowing the S 60 sec. to fill out the self-report scales, (b) presenting 
the 16 information items, each visable for 8 sec., and (c) presenting the 14 
questions, each visable for 8 sec., with instructions to write the answer. The 
no-report condition differed only in that the Ss rested for 60 sec. before each 
trial instead of filling out the self-report scales. The order of information 
a was constant over all six trials, while the questions were randomized 
80 as to minimize serial learning, 


RESULTS 


Considering anxiety, feedback, and report versus no-report as 
between-subject variables, and trials as a within-subject variable, 
scores for the six trials were analyzed in a four-way analysis of 
variance, The only significant between-subjects variable was a main 
effect of anxiety (F = 4.79, df = 2/72, p < 01). As Figure 1 
shows, the low-anxiety subjects in the report condition (LA-R) and 
in the no-report condition (LA-NR) were superior to the medium- 
anxiety subjects in both report and no-report conditions (MA-R and 
MA-NR), who were in turn superior to the high-anxiety subjects in 
both report and no-report, conditions (HA-R and HA-NR). There 
was a trend for the more positive feedback to be associated with 
better performance, although this trend did not reach statistical sig- 
nificance (F = 2.02, df = 2/72, p < 13). A nonparametric sign test 
comparing each of the three feedback conditions at each anxiety 
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FEEDBACK 


Fic. 1. Mean number of total correct responses as a function of anxiety, feed- 
back, and report versus no-report conditions 


level and report condition was performed. For each anxiety level 
and report condition, the positive-feedback condition was superior 
to the average-feedback condition, and the average-feedback con- 
dition was superior to the negative-feedback condition. Thus, in 
Comparisons of 12 possible pairs of conditions, the more positive 
feedback was associated with better performance in every case, 
And this trend was significant at the .001 level. No effect related to 
the report, versus no-report conditions was obtained (F = .006, 
df = 1/72, p < 93). The within-subject effect of trials reached 
Significance (F = 437.98, df = 5/360, p < .001). All interactions 
Were nonsignificant. 
he correlations of total number of correct responses, with the 
sums of each of the self-report scales over all six trials, are shown 
In Table I. The 13 affects were separated into positive and negative 
Categories along the general lines previously established by Tom- 
8! Grouping all subjects together, the positive affects generally 
Correlated positively with performance, while the negative affects 
Correlated negatively. Separate correlations for the high-, medium-, 
and low-anxiety groups were performed. The low- and medium- 
Anxiety groups showed considerable similarity in the pattern of 
Correlations, while the high-anxiety group differed in both sign 
And magnitude from the other two groups. For the low- ini meum. 
ety groups, the negative self-report scales generally correlated 
Negatively with performance, and the positive scales correlated 
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positively with performance. However, for the high-anxiety group, 
the negative affects anxious, tense, discouraged, and ashamed cor- 
related positively with performance, while the positive affects calm, 
satisfied, relaxed, and pleasant correlated negatively with perfor- 
mance, The positive affects excited and interested correlated signifi- 
cantly and positively with performance for high-anxiety subjects. 

Averages for the 13 self-reported affects were obtained at six 
points in the experiment. Generally, for all subjects grouped to- 
gether, all affects stabilized by the second trial, so that there were 
no significant variations thereafter. For example, the only three 
affects significantly related to performance for all subjects (an- 
noyance, interest, and unpleasantness) each showed significant 
changes between the first and second trials, and showed no dif- 
ferences thereafter, Between the first and second trials, related ¢ 
tests showed that annoyance increased significantly (t = 344, p 
< 005), unpleasantness increased significantly (t= 237 
005), and interest decreased significantly (t = 2.14, p < .025). 
No significant differences for annoyance, unpleasantness, and in- 
terest occurred after the second trial. 

Because variance in affect level was minimal after the second 
trial, the correlations of affects for all subjects, with number of 
Tesponses correct on each trial, were inspected at all six trials in 
the experiment. (The reader will recall that affects were rated 
prior to each performance trial) It was only on the third trial 
that the same three affects which correlated significantly with per- 
formance summed over all six trials (annoyance, unpleasantness, 
and interest) correlated significantly with performance on that 
trial. After the third trial, the correlations of these three affects and 
Performance, trial by trial, remained constant and continued to be 
Significant. 

In order to ascertain whether feedback manipulations were as- 
Sociated with affective changes, comparisons were made of the 
eve and negative self-report scales for each feedback condi- 
n Summing across positive affects, there were «esiste 
life feedback conditions, with the positive being nonsigni ped 
: Tent from the average feedback (t = 62, P < 90), and the 
mp being nonsignificantly different from the positive feedback 
e 36, p < .80). There was a nonsignificant trend going from 

positive- to the average- and negative-feedback conditions for 
< negative self-reported affects to increase. Summing across nega- 
ìve affects there were no significant differences between the positive 
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and average feedback (t = .34, p < .80), no significant differences 
between the average and negative feedback (t = .95, p < 30), 
and no significant differences between the negative and positive 
feedback (t = 137, p < .15). 

Summing over positive and negative self-reported affects, t tests 
showed no significant differences as a function of STAI anxiety 
level. Thus, the significant main effect of anxiety was not mediated 
through either positive or negative self-reported affects. 


DISCUSSION 


According to Spence and Spence, the most widely accepted posi- 
tion among anxiety theorists is that high-anxiety subjeets react 
more to stress than low-anxiety subjects, and that the competing 
responses evoked by this emotionality result in the high-anxiety 
subjects being inferior in performance on a complex learning task.” 
Using a situational index of anxiety such as the STAI employed in 
this study, this prediction is upheld: higher anxiety was associated 
with poorer performance. Using the same task, results in our 
laboratory have consistently shown that high-anxiety subjects are 
inferior in performance.!? The task utilized in this study was em- 
ployed because of its correlation with performance in the classroom, 
80 the results have implications in this area. 

While the effect of feedback was not significant, by analysis of 
variance, there was a consistent trend for performance to improve 
going from the negative to average to positive conditions. That 
the trend was slight is indicated by the .13 level associated with 
feedback in the analysis of variance, Although the differences were 
slight (see Figure 1), they were highly consistent in that for each 
anxiety level and report condition, the more positive feedback was 
associated with better performance in 12 possible comparisons. 
Thus, the nonparametric sign test was employed to ascertain the 
Possibility of achieving results this consistent in nature, and this 
trend was significant at the .001 level. While differences due to 
feedback were small, their consistency suggests that manipulation 
of feedback by offering the student a low, average, or high level of 
comparison with his peers might profit from further research. AD 


12 Spence and Spence (see n. 5 above) 

1 Katahn and Branham (see n. 9); William J. Ray, Effects of test anxiety 
on acquisition, retention, and generalization of meaningful verbal mate 
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especially useful finding, for actual application to the classroom 
‘setting, would be to ascertain what level of comparison optimally 
‘motivates’ a particular type of student. Such an experiment is 
under progress in our laboratory. 

There were no differences in self-reported affect as a function of 
feedback or anxiety. Self-reported affect did significantly relate to 
performance in many cases, but this affect was associated neither 
with the feedback manipulations nor with anxiety groups. Feed- - 
back tended to be associated with different levels of performances, 
while anxiety was strongly related to performance differences. 
However, affect as indicated by self-report was not the mediating 
agent by which differences were obtained. Thus, self-reported af- 
fect, feedback, and anxiety all appear to influence performance, but 
as far as measured in this study, they do so independently of each 
other. These failures of the feedback conditions and anxiety group- 
ing to significantly influence emotional reactions point out the im- 
portance of verifying the effects of experimental manipulations 
When such manipulations are simply assumed, on some à priori 
basis, to have an effect on the subject’s internal state. 

i Results indicated that performance did not differ whether a sub- 
ject did or did not take self-report scales throughout the task. 
Generally for all subjects in the report conditions, higher self- 
report ratings on affects which are conceived as positive in nature 
were associated with better performance. Conversely, higher self- 
report ratings on affects typically conceived as negative were as- 
sociated with poorer performance. Additionally, the direction of 
causality relating affects and performance can be determined in 
P present study. In the current study, the primary change in af- 
fect occurred by the second trial, as indicated by the significant 
nee in both positive and negative affects going from the first 
? second trials, with relatively little change in affect level there- 
after. For all subjects, affect did not significantly relate to per- 
go on either the first or the second trial, but affect did in 

‘any cases significantly relate to performance when the total num- 
ie of correct responses were correlated with summed-affect scores 

er six trials. Further, trial-by-trial analyses of affects and per- 
dal showed that the only significant change in affect, levels 
a. between the first and second trials. Thereafter, affect 

E remained fairly constant. Affect and performance did not 
P to correlate until the third trial. Therefore, changes in affect 

curred before the establishment of any significant affect-perfor- 
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mance correlations. This finding is consistent with other research in 
our laboratory. Using continuously gathered self-report data during 
serial learning, Katahn, Snyder, and Durlak found that the main 
performance decrement followed the occurrence of increased nega- 
tive affect, and not vice versa.!* 

One point of interest, which does not lend itself to ready in- 
terpretation, is the difference in pattern of correlations between 
affect and performance for high-anxiety subjects as compared with 
low- and medium-anxiety subjects. While high-anxiety subjects 
were significantly inferior to the subjects in the other two groups, 
they performed better (within their group) as some negative affects 
increased, whereas low- and medium-anxiety subjects performed 
better as positive affects increased. Looking only at the significant 
correlations of self-reported affect and performance, the composites 
of optimal affective states for the groups were as follows: (a) high- 
anxiety subjects performed best when they reported high on ez- 
citement and interest, and low on calmness; (b) medium-anxiety 
subjects performed best when they reported high on calmness and 
low on annoyance and unpleasantness; (c) low-anxiety subjects 
performed best when they reported high on satisfaction and low on 
unpleasantness. Because interest seemed to be a critical self-report 
scale for high-anxiety subjects, the intercorrelations of the other 
scales with interest were examined. For the high-anxiety group, 
interest correlated positively with the majority of negative affects, 
while for the medium- and low-anxiety groups, interest correlated 
positively with a majority of the positive affects. No ready ex- 
Planation presents itself to account for this difference in affect- 
scale relationships, among themselves and to performance, for 
groups varying in test anxiety. However, another study relating 
a full range of affect scores to performance is now in progress. A 
replication of the pattern of different affect-performance relation- 
ships as a function of test anxiety would present a considerable 
theoretical challenge. 

It is noteworthy that state anxiety, as measured by the STAI, 
was significantly related to performance, while scores on the nine- 
point anxiety scale collected during performance were not, considered 
over all subjects. Thus the relationship of affect to performance 
may well depend on the type of scale used to measure it, and the 
strange pattern of affect-scale correlations within different STAI 
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anxiety groups may be purely an artifact of the measuring instru- 
ments. 

The STAI scores accounted for 31% of the variance. The anxiety 
self-report scale accounted for from 1% to 11% of the variance 
(depending on anxiety group), and the other affect scales related 
to from 1% to 50% of the variance. If the goal is the prediction 
of performance from variation in affect, it is suggested that future 
research utilize the other affects in addition to anxiety, and that 
measures of affect be taken during the actual testing situation. 
Further theoretical refinements may be achieved should consistent 
E relating the whole range of affects to performance be ob- 

ined, 


GENERALIZATION OF POSITION ASSOCIATION 
IN ROTE SERIAL LEARNING 


Muvxvrz K. Dey, McMaster University, Canada 


Abstract. Thirty-six subjects practiced two serial lists of identical length 
in haphazard alternation. At each position in a list, a maximum number of 
intruding responses arrived from the same position in the other list, and 
the frequency of intrusion from a nonidentical position in the other list de- 
clined with increased positional disparity in either direction. The reliability 
of this gradientlike phenomenon, which could not be verified by the method 
of trend analysis because of insufficient data, is partially indicated by the 
occurrence of interlist intrusions at a significantly higher rate between identi- 
cal than between nonidentical positions. These results are interpreted as evi- 
dence in support of the hypothesis that associations not only develop between 
the items of a rote series and their serial positions but also generalize be- 
tween positions in inverse proportion to the intervening distance. 


Rote serial learning is traditionally equated with the formation 
of a chain of associations between successive list items. This tradi- 
tional view is now losing ground in the wake of the revival of a 
view which accords the functional stimulus role to the position an 
item holds in the series.! The large mass of experimental data re- 
cently generated by the revived interest in the position-association 
hypothesis is not unequivocal, but the evidence contradicting the 
hypothesis is outweighed by that supporting it. 

For example, first, the hypothesis of association with serial 
Position predicts that since serial-position cues are entirely absent 
in the varied-order paired-associate procedure, indeterminate trans- 
fer should result when a serial list is followed by a paired-associates 
list composed of the same items, regardless of whether the forma- 
Hog of pairs is or is not consistent with the items’ order in the 
serial list. This prediction is supported by the literature, although 
negative evidence has been reported.? 
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Second, the learning of a serial list becomes considerably more 
“dificult if the point in the series where list presentation begins is 
alvays changed between trials than if it is unchanged? Assuming 
- that serial position provides a wider and, therefore, more effective 
spectrum of discriminative cues than the items themselves nor- 
mally do, the above phenomenon can be interpreted as solid evi- 
dence in favor of the position hypothesis. 

Third, greater retroactive inhibition is reported to occur in 
serial learning when the starting point is unchanged than when it is 
i changed through the trials,* and in paired-associates learning when 
the order of pairs is constant than when it is varied. Since the 
conditions compared in the experiments cited differ only with re- 
- gard to the presence of serial organization, the additional inter- 
ference effect is presumably due to no other process than the as- 
sociation of rival responses with common serial-position cues. 

Fourth, the clearest evidence comes from the studies of transfer 
of training from an original serial list to a derived serial list. 
Young and Keppel and Saufley have shown that in second-list 
learning the items repeated from the first list at identical serial 
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positions are learned faster than those repeated at disparate serial 
positions. Further, Ebenholtz has demonstrated quicker learning of 
a derived list containing some of the first-list items at identical serial 
positions in comparison with another derived list in which the same 
items are located a few steps away from their original serial posi- 
tions.* 

As the position hypothesis thus appears to have enough support 
to merit serious consideration, a pertinent question is whether the 
response associated with a certain serial position is apt to he 
generalized to other serial positions and whether the degree of such 
generalization is a monotonic negative function of positional 
disparity. This question, though not formulated in exactly the 
same way, was subjected to evaluation by Schulz and by Hicks, 
Hakes, and Young. Having their subjects name the serial positions 
at the items’ random presentation after the completion of serial 
learning, these investigators demonstrated that the distribution of 
errors in naming the serial positions closely conforms to the bow- 
shaped serial-position gradient. In a strict sense, this phenomenon 
is no evidence of serial-position generalization, though it does 
suggest that confusing the serial positions may be either a cause of 
the serial-position gradient or an effect of the same process which 
causes that gradient. The study reported in this paper arranged 
for a direct inquiry into the possible existence of serial-position 
generalization. The subjects were asked to learn two separate lists 
of identical length through a practice sequence in which the two 
lists were unsystematically alternated. The plan was to analyze the 
transfer of overt response between lists—transfer which the proce- 
dure outlined was expected to generate in a sufficient quantity. If 
the results revealed an inverse relationship between the interlist 
transfer of specific responses and the longitudinal distance between 
serial positions, such a finding would not only demonstrate serial- 


position generalization but also provide further strength for the 
position hypothesis. 
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METHOD 


- Subjects. Thirty-six men, part-time undergraduate students from several 
evening classes in psychology, volunteered as Ss. Their mean age was 267 
years in the approximate range from 19 to 385 years. All had previously 
participated as observers in experiments on paired-associates as well as serial 
learning. 

Apparatus and material. The task was presented by means of a compact 
electromagnetic unit devised by Ranschburg in 1901 This unit rhythmically 
turns a cardboard dise in steps, thereby exposing, one by one, the items 
printed in the narrow sectors of the disc. A recycling timer regulated the 
exposure rate. 

The two six-item lists contained easily pronounceable nonsense syllables 
chosen from the medium range of association values in Glaze’s inventory.!? 
In constructing the lists, these rules were observed: (a) with the exception of 
the first syllable, no two syllables within either list had the same vowel or 
any common consonant; (b) alphabetical sequences of letters within a syllable 
ind from one syllable to the next in the series were avoided as far as pos- 
sible; (c) the syllables with the same vowel or any common consonant in 
the two lists were never placed at identical ordinal positions. Further, in- 
stead of testing all 36 Ss with the same pair of lists, four separate pairs of 
lists were prepared, each for use with 9 Ss. In each list, the first syllable was 
Printed in red boldface type and the remaining syllables were printed in 
black boldface type. It was assumed that by its distinctive color, the first 
syllable enabled S to perceive the beginning and the end of each list from 
the start of practice. 


Procedure. Practice was administered by the anticipation method. The two 
lists were successively exposed once; then, at the presentation of each item, 
Was required to anticipate by spelling out the item coming next. The time 
Available to S for anticipation was roughly the same as the 4-sec. exposure 
duration of each item. In the instructions, S was informed that the red item 
Was the starting point in each list, and further, in order to place emphasis 
On overt responding, S was asked to guess in the event of uncertainty. 
The items of each list always appeared in the same sequence, but the two 
E Were alternated in the order 1221211212. This cycle was repeated if 8 
of led more practice to reach the mastery criterion of first correct elicitation 
all ten responses in the successive presentation of the two lists. With the 
nce of any interval between list presentations, the task was continuous. 
th * last item in each list had no intended stimulus function, and therefore, 
i ough S frequently reacted to it, especially at the early stage (being under 
E to anticipate whenever possible and having been provided no in- 
Es on about the length of each list), the E's measurement was concerned 
3 reactions to the first five items only. À correct anticipation was con- 


sie, Doug antiquated, this device delivers rote-learning materials as effi- 
a “J as any other exposure apparatus of which the writer knows. 
, iem The association value of nonsense syllables, J. genet. Psychol., 
7. 


252 DEY 


sidered a failure if the response was initiated too late to be entirely within 
the anticipation interval. All overt responses and omissions were recorded by 
E on a mimeographed data sheet. 


RESULTS 


The data consist of the reactions elicited by the first five items 
in each list. On the average, each subject gave 88.6 reactions per 
list. Among these, there were 47.03 (53.08%) correct responses and 
41.57 (46.92%) errors. The errors were composed of 10.2 (11.5196) 
omissions, 444 (5.01%) complete intralist intrusions, 10.99 
(12.41%) complete interlist intrusions, and 15.94 (17.99%) 
miscellaneous responses. The last category was mostly made up of 
incomplete or partial intrusions and reactions citing ihe first items. 


POSITION 
WHERE ELICITED 


POSITION IN LIST OF ORIGIN 
Fro. 1. A breakdown of the interlist intrusions 
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Interlist intrusions. Out of the average 10.99 interlist intru- 
fons per list, 5.77 were from identical or coordinate serial posi- 
and 5.22 were between nonidentical or disparate serial posi- 
If it is true that the serial-position cues operate as functional 
stimuli, then there should have been considerable overt transfer of 
response between identical as compared with nonidentical serial 

itions in the two lists. Since the scope of measuring overt trans- 
fer of response of the former category was four times as great as the 
ope of measuring overt transfer of response of the latter category 
in this experiment, a proper evaluation of the above hypothesis re- 
quired that the number of intrusions between identical serial posi- 
tions be multiplied four times. A test for the significance of dif- 
ference between the so-weighted mean number of intrusions between 
identical serial positions (23.08) and the mean number of intru- 
tions between nonidentical serial positions (5.22) yielded a t ratio 
of 1139, which, for 39 df, was significant beyond the .01 level. 
Similar analyses were made for the five positions separately. The 
Weighted mean frequencies of intrusion between coordinate positions 
Were, respectively, 4.44, 5.44, 5.28, 5, and 2.92, and the mean 
frequencies of intrusion between disparate positions were, respec- 
lively, .58, .97, 1.5, 1.33, and .84 for the first through fifth posi- 
tions. Tests for the reliability of difference between the above 
five pairs of means produced the following values of t, all of which 
significant beyond the .05 level: 6.92, 4.49, 5.2, 4.34, and 


Figure 1 provides a breakdown of the interlist intrusions in 
terms of the intruding items’ positions in the list of origin. The five 
curves portray the mean frequencies with which the item at each 
ot the five positions in one list elicited the responses located at the 
b. Positions in the other list. All five curves vividly suggest that 

maximum number of intruding responses arrived from the same 
E' Position in the other list and that the frequency of intrusion 
E. a nonidentical serial position in the other list systematically 
E RS positional disparity increased in either forward or back- 

direction, Unfortunately, being of insufficient volume, the data 
Bao: end themselves to the statistical procedure by which the 
Ability of these gradientlike trends could be ascertained. 


p intrusions. In order to determine whether the interlist 
tntralist intrusions were elicited at different rates, a t-test 
Parison was made of the mean frequencies of interlist intru- 


sions between disparate serial positions (5.22) and of intralist 
intrusions (4.44). The results reveal lack of significance (t — 
1.59, p > .1). The mean intralist intrusions from the anterior and 
posterior directions were, respectively, 3.88 and .56. A ¢ ratio of 
7.02 (p < .01) attested the reliability of the difference between 
these means. Similar instances of preponderance of intralist in- 
trusions from the anterior direction over those from the posterior 
direction in serial verbal learning were earlier reported by Bugel- 
ski and by Slamecka.! 


DISCUSSION 


The rate of interlist overt transfer of response between coordinate 
positions was significantly higher than that between disparate posi- 
tions. Further, interlist overt transfer appeared to have a gradient- 
like relationship with degree of positional disparity. Though insuf- 
ficient data precluded tests for statistical significance of the latter 
finding, its consistent and systematic character perhaps vouches for 
its dependability. Part, of the interlist intrusions were admittedly 
due to formal similarity between the items, but as this factor pre- 
sumably wields a uniform. uence, it cannot be held responsible 
= the observed variations. Therefore, the above findings can be 
best interpreted as the reflection of a tendency for the serial posi- 
tions to generalize in conformity with the law of stimulus-generaliza- 
tion gradient. 

The process underlying the operation of the serial positions 85 
functional stimuli is subject to speculation. A simple but test- 
worthy hypothesis is that an awareness of the ordinal-position 
numbers of the items develops either spontaneously or through à 
conscious search for mediating cues and that associations are then 
developed between these numbers and the corresponding responses. 
This hypothesis was tested by Jensen and Blank in an experiment 
ber ib: serial learning of forms.!? Though their experiment pro 
du negative evidence by showing that continuous briefing of the 
subject on the ordinal-position numbers of items did not facilitat? 
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arning, some positive evidence was furnished by the reports of 
itive transfer from a serial task to a paired-associates task de- 
ved by pairing the same verbal items with their ordinal-position 
Uumbers? or with the points in a spatial dimension that were co- 
mdinate with the ordinal positions previously occupied by the ver- 
items in the serial task.!4 
Alternatively, the serial-position cue may be interpreted as the 
e interval elapsing between the start of the series and the 
int at which the appropriate response is located. Such an inter- 
station appears plausible in the light of Czehura's experiment 
instrumental conditioning, which demonstrated that the time 


tion as a stumulus and that the response conditioned to one 
ime interval may undergo generalization to another time interval 

inverse proportion to their difference. Further, it follows from 
interpretation that, with the first item in a serial list being 
? initiating point of every time interval that takes on stimulus 
ion, the factors promoting distinguishability should be im- 
nt variables in serial organization. By demonstrating the 
pening of the serial-position gradient by one such factor—the 
t pause between list repetitions—the experiments of Glanzer 
Peters and of Lippman and Denny add credibility to this 
ernative interpretation of the serial-position cue.! 
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UNLEARNING OF CONTEXT-ITEM AND SPECIFIC 
ASSOCIATIONS IN THE W;-R; W.-R, PARADIGM | 


| 


Abstract. Unlearning of List 1 contextual associations was studied in the 
verbal-diserimination nonspecific-transfer paradigm (W:-R:, Wr-Ra). Bidiree 
tional modified free-recall data revealed significant experimental unlearning of 
context-W (wrong item) and context-R (right item) associations, compared 
with both a control group that recalled immediately after List 1 practice and 
a ‘normal forgetting’ control group that recalled List 1 after working on a neu- 
tral interpolated task. In addition, an associative-matching task indicated that 
the experimental group also experienced unlearning of specific, incidentally | 
learned, W-R/R-W List 1 associations. These results represent an extension 
to verbal-discrimination learning of several recent paired-associate studies that 
demonstrated unlearning of specific as well as context-item associations in the 
A-B, C-D paradigm. 


N. Jack Kawax and C. Dwayne Curtis, University of Oklahoma 


McGovern presented evidence in a study of the A-B, C-D 
paired-associate nonspecific-transfer paradigm that List 1 com 
textual associations formed between the learning context and the 
response items undergo extinction, or unlearning, during C-D 
learning. Specific forward (A-B) and backward (B-A) associa- 
tions, however, were shown to remain near criterion strength. The 
unlearning of context-response associations was measured in & 
modified free-recall task. Recall of specific associations was meas- 
ured by an associative-matching task, which is assumed to elimi- 
nate the effects of item unlearning. The extinction of context-item 
associations was attributed to the fact that the context-response 
associations of the two successive lists enter into the well-docU- 
mented A-B, A-C competition-unlearning relationship. 

Houston noted that the absence in the McGovern study of aly 
evidence for the unlearning of specific List 1 associations could 
be an artifact of either (a) the overlearning of List 1 associations 
or (b) the failure to utilize a control group required to perform 
an associative-matehing task after only single-list learning? In 
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his own study, Houston employed a 50% List 1 learning criterion 
and included the baseline-recall control group for both the modi- 
fied free-recall and the associative-matching measures. Consis- 
tent with McGovern’s results, the recall data did reveal the un- 
learning of context-response associations. More importantly, in 
contrast to McGovern, Houston’s matching task indicated the un- 
learning of specific List 1 associations as well. Garskof, and Gar- 
skof and Bryan, using 100% and 50% original-learning criterions 
respectively, have replicated Houston’s results.? 

Abra, however, reports an experiment that failed to reveal ex- 
tinction of either context-item or specific List 1 associations fol- 
lowing C-D learning. The discrepancies between his results and 
those of Houston and Garskof may be attributable to a poten- 
tially strong list-differentiation factor in Abra’s materials. Abra 
Utilized low-frequency nouns as List 1 stimuli, but he used com- 
plex perceptual figures as stimuli in List 2 in order to achieve 
minimal interlist stimulus similarity. It is conceivable that this 
Procedure permitted the maintenance of independent List 1-List 
2 eontext-item and context-specific-association systems based on 
stimulus form-class as a cue to interlist differentiation. The mech- 
anism implicated in this suggestion may be analogous to the mecha- 
msm involved in the decrement of retroactive inhibition that has 

observed in the A-B, A-C paradigm when the interlist form- 
elass of the response terms is varied.5 

The present study extends the investigation of the unlearning 
of Specific and context-item associations to the verbal-diserimina- 
"a analogue of the A-B, C-D paradigm. The comparable para- 
E is designated W;-R,, Wz-Rs, a notation indicating that the 
ce 2 Wrong (W) and right (R) items are unrelated to List 1W 

nd R items, Bidirectional W-R and R-W associative learning 
d the learning of W and R items as responses have been dem- 
nstrated to be incidental learning components of the verbal-dis- 


B. E. Garskof Unlearning as a function of de f interpolated learning 
d gree of interpola 
aa ae of testing in the. A-B, A-C and A-B, C-D paradigms, J. exp. Psy- 
metion” 1968, 570-583; B. E. Garskof and T. M. Bryan, Unlearning as & 
aLa E ee of origina] learning and retention test, Psychon. Sci, 6, 
“9. C. Abra, Su À , vo 
i ; Supplementary reports: Time changes in the strength o 
tinguished context id spedit Bere J. ezp. Psychol; 77, 1968, 684-680. 
ference oue and R. N. Bone, Interlist form-class similarity and ne 
Keppel, ects, J. verb. Learn. verb. Behav. 7, 1968, 92-97; L. Postman, G. 
» and K. Stark, Unlearning as a function of the relationship between 


lve response classes, J. exp. Psychol., 69, 1965, 111-118. 


258 KANAK AND CURTIS 


crimination task? In addition, recent transfer studies have shown 
that these incidentally learned components activate processes in 
verbal-discrimination transfer and retroaction research that are 
comparable to the operation of associative mechanisms in paired- 
associate transfer tasks.? The demonstration of unlearning of con- 
text-item and specific associations in the verbal-discrimination 
nonspecific-transfer paradigm would thus represent an expansion 
of the growing number of phenomena and processes which have 
been found to exist in common between verbal-discrimination 
and paired-associate tasks. 

In the W,-Ri, We-Re paradigm, associations formed between 
the context and W items and between the context and the R 
items of List 1 both enter into an A-B, A-C competition-unlearn- 
ing relationship with their context-W and context-R counterparts 
of List 2. Resultant unlearning of both types of List 1 context- 
item associations was therefore expected to occur during Wi-Re 
learning and was expected to be revealed during bidirectional 
modified free recall. The unlearning of incidentally learned W-R/ 
R-W specifie associations was tested in an associative-matching 
task. Specific associations in the W-R:, W2-Re paradigm con- 
ceivably are subject to the same unlearning processes as the in- 
tentional associations of the paired-associate nonspecific-transfer 
paradigm, though apparently little agreement exists concerning 
these processes in paired-associate learning.* 


METHOD 


Subjects and ezperimental design. Forty-eight students from introductory 

pues d courses at the University of Oklahoma volunteered to serve as 

. None had served before in verbal-learning experiments. The Ss were un- 

Miri assigned to the six treatment conditions (3 groups x 2 list 

abes in order of their appearance at the laboratory, within the restric- 
at n cells be filled before the n-+1 cell was assigned. 


€D. H. Kausler and R. J. Sard ; :acrimination 

i did ello, Item recall in verbal-discrimina) 

E a zee a: to pronunciation and degree of practice, Psychon. Bet, all 
, ; R. J. Sardello and D. H, Kausler, Associative recall in verbi 


discrimination learning as rela RUE f. practice 
Psychon. Sci., 8, 1968, 251-252, ted to pronunciation and degree of P 


1N. J. Kanak and M. F. Dean, Transf i ; 1 discrimina- 
tion, J. exp. Psychol., 79, 1986, 300-307; D. aram F. baee an 
A. J. Eschenbrenner, Unlearning of List 1 right items in verbal discrimination 
transfer, J. exp. Psychol., 75, 1967, 379-385. 

8 Garskof (see n. 3 above). $ 
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One control group (Group IM) was given the modified free-recall and asso- 
cistive-matching tasks immediately after List 1 learning. The experimental 
group (Group ITT) recalled List 1 after practice on the interpolated transfer 
task (the W:-Rs list). The third group (Group NIT) recalled List 1 after 
performing a neutral interpolated task (the Meier Art Judgment Test) for a 
time period equal to ten List 2 trials for Group ITT. Group NIT therefore 
served as a control for ‘normal forgetting’ over time.® 


List construction. A pool of 60 familiar words was selected from normative 
materials!? with the primary criterion for selection being that associative re- 
lations between all words be minimized. Words of less than three or more 
than eight letters, compound words, and words with associates which followed 
natural language habits (e.g. ‘very much’) were excluded. From the initial 
pool of 60 words, two subpools of 15 words each were randomly selected to 
serve as W and R items. Random pairings of the W and R items were then 
created, although idiosyncratic pairings were avoided. This set of 15 pairs 
was designated List 1A. List 1B was formed by so re-pairing the items of 
List 1A that the two lists differed only in the specific word-pairings. Lists 2A 
and 2B for the experimental group were formed in the same way from the re- 
maining 30 words, The two sets of list pairings were utilized to permit 
greater generality over particular word pairings. 

„Four random serial orders of pairs and four orders of right-left spatial po- 
sitions of the W or R items were utilized in each set to eliminate serial-posi- 
tion and spatial-position learning effects. In a given random order, the R 
item occurred either seven or eight times on each side, within the restriction 
that successive runs of a spatial position be limited to four items, In addi- 
lion, across the four serial orders a given R item occurred on the left or 
Tight an equal number of times. 


Procedure. The lists were presented by the anticipation method on a Lafay- 
ette memory drum. During the anticipation exposure, both items (W and R) 
^ppeared in the window of the memory drum and S pronounced aloud the 
item selected as correct. During the feedback exposure, both items again 
®ppeared contiguously but with the R item underlined. Temporal conditions 
Were set at a 2:2 sec, exposure rate with a 4-sec. intertrial interval. Standard 
Verbal-discrimination instructions were given along with the information that 
neither serial-order nor spatial-position cues would be helpful. The Ss were 
not informed in advance that recall measures would be taken or that a second 

might follow. Lists 1A and 1B were counterbalanced across Ss in all 

Tee treatment conditions. 

E ex 1 learning was to a criterion of one errorless trial. Group ITT Ss began 
crite; tials of practice on List 2 approximately 1 min. after reaching the List 1 
a im. on. Group NIT Ss practiced on a neutral interpolated task for 10 min, 
follow; Period equivalent to the ten List 2 trials for Group ITT. ipe 
for Gree List 1 practice for Group IM, or following the interpolated tas 
Toups ITT and NIT, a counterbalanced administration of bidirectional 


M 5 M. Barnes and B. J. Underwood, Fate" of first-list associations in trans- 
seheory, J. exp. Psychol., 58, 1959, 97-105. 

throug] S. Palermo and J. J. Jenkins, Word Association Norms: Grade School 
ough College, 1964, 
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modified free recall of List 1 items was introduced. Half of the Ss of each 
group were asked first to recall R items to given W items (typed in a new 
random order on a sheet of paper) and then to recall W items to given R 
items. The remaining Ss received the counterbalanced, reverse order of ade 
ministration. The instructions emphasized the recall of List 1 items for Group 
ITT. Unlimited time was allowed for recall and all Ss were instructed to 
guess if uncertain. Following recall, Ss of all groups were given a sheet of 
paper listing all the W and R items of List 1 in new random orders in 
separate columns, The Ss were instructed to match the items as they oc 
curred in the list. Again, unlimited time was allowed for the associative. 
matching task with instructions for guessing. 


RESULTS AND DISCUSSION 


Acquisition. Lists 1A and 1B were found comparable both on 
mean trials to criterion and on means for total errors (Fs < 1). 
The two sets of lists were therefore combined within each group 
for the overall between-groups tests for differences in List 1 learn- 
ing. The mean trials to criterion ranged from 7.44 to 7.81, while 
the comparable means for errors ranged from 26.44 to 29.38. 
Since both measures resulted in Fs (2, 45) < 1, the groups were 
considered adequately equated in degree and difficulty of List 1 
learning. In addition, the modified-free-recall and associative- 
matching scores were found to be entirely independent of sets of 
lists, permitting the omission of the list-set factor in all the sta- 
tistical analyses reported below. 


Unlearning of context-item associations. Correct responses in 
modified free recall were examined in a 3 x 2 x 2 factorial 
analysis of variance, with groups and order of recall as between- 
subject measures, and direction of recall as a repeated measure. 


The overall difference between groups in total recall was the only 


significant, effect [F (2,42) = 5.53, p<.01]. The means and 
standard deviations, Tespectively, were 5.75 and 5.54 (Group 
ITT), 1244 and 728 (Group NIT), and 11.62 and 6.50 (Group 
IM). Duncan's multiple-range test indicated a significant loss of 
W and R item availability for Group ITT relative to both Groups 
IM and NIT (ps<.01). The small difference between the latter 
two groups did not approach significance (p > .10). The unlearn- 
ing of context-W and context-R associations in Group ITT is 
consistent with the unlearning of context-item associations 0b- 
served by several investigators following List 2 C-D learning in the 
paired-associates task. Context-item unlearning in the verbal-dis- 
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crimination task may similarly be explained as the result of the 
context-item associations of two successive lists entering into an 
A-B, A-C competition-unlearning relationship. 


Unlearning of specific associations. The analysis of variance of 
correct responses on the associative-matching task revealed a sig- 
nificant between-group effect [F (2,45) =3.46, p< 05]. The 
means and standard deviations, respectively, were 4.19 and 3.82 
(Group ITT), 7.19 and 3.90 (Group NIT), and 7.31 and 4.06 
(Group IM). Duncan’s test indicated that significant unlearning 
of specific associations occurred in Group ITT relative to both 
control groups (both ps < .05). This result seemingly represents 
ân extension to verbal-discrimination learning of the phenomena 
of associative unlearning that was documented in the paired-as- 
sciate studies of Houston and Garskof. 

The procedure of utilizing the same subjects for both the modi- 
fied-free-recall and the associative-matching tasks may, however, 
represent a potential source of confounding mitigating the above 
tonelusion. For example, Keppel has shown, in a single-list ver- 
bal-discrimination learning situation, that associative-matching 
cores tended to be significantly depressed when the same subjects 
t experience modified free recall.1t Keppel suggests that er- 
tors in prior recall may have been responsible for this depression 
of matching scores, If this effect were generalizable to the ITT 
Soup of the present study and, more importantly, if the effect 
Were greater for the experimental group than for the control groups, 
* observed retroactive inhibition of specific associations could 
artifactual. 


To evaluate this possibility, two additional analyses were con- 
ucted. The number of incorrect responses (items recalled but 
E" incorrectly) in recall were compared in a 3 (groups) X 2 
xu wet R- versus W-item recall) factorial analysis of variance, 
d the latter factor a repeated measure. More R items (X = 3.25) 
“re incorrectly paired than W items (X = 2.39) [F (1, 45) = 6.27, 


/ as 025], but more importantly, both the effect of groups and the 
| teraction 


COC 800 SS — Á— 
a 


eon were clearly nonsignificant (Fs « 1). Any differential 
5 Sion of matching scores among the three groups should not 
? be attributable to differences in error occurrences in recall. 
*arson product-moment correlations between incorrect responses 


MO. Ke ear 
; Seppel, Associati iguity: f onse availability, J. 
| ezp, Psychol. 71, mper contiguity: Role of resp 
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in modified free recall and correct responses in associative matching 
were (df = 14) —.53 (Group IM, p < .025), +.07 (Group NIT, 
chance), and —.17 (Group ITT, chance). The matching perform- 
ance of Group IM thus was negatively related to errors during re- 
call, a result consistent with Keppel's findings. However, the incon- 
sequential correlations in Groups ITT and NIT indicate that the 
scores of these subjects were relatively unaffected by their perform- 
ance on recall The present estimate of retroactive inhibition of 
specific associations in Group ITT relative to Group IM therefore 
appears a conservative one. It is conceivable that the depression 
effect observed by Keppel and in the IM group of the present study 
may not occur when either relevant or irrelevant interpolated ac- 
tivity intervenes between acquisition and recall. 

The explanation of the loss of specific associations in both the 
paired-associate and verbal-discrimination tasks poses 4 
challenging theoretical problem since (a) the specific associations 
of two unrelated lists presumably do not enter into an A-B, A-C 
relationship and (b) the effects of the unlearning of context-item 
associations are assumed to be overcome through the use of the 
associative-matehing technique. The present study was not de- 
signed to test the several theoretical explanations that have been 
suggested? The present data do, however, appear relevant to 
Garskof's suggestion that the nominal C-D list supplied by the 
experimenter may approach a functional A-C list for the subject 
and thus account for A-B unlearning. Such an explanation may 
be tenable with the nonsense-syllable stimuli used by Garskof and 
by Houston, since there typically exists with nonsense-syllable 
materials an overlap in letter content. The nominal stimulus-let- 
ter overlap and idiosyncratic similarities discovered by the sub- 
jects could lead to a functional A-C list. The present study, how- 
ever, used preexperimentally integrated, semantically dissimilar 
adjestives as stimuli, Under these conditions it seems unlikely 
that stimulus selection would occur in such a manner as to pt 
duce a functional A-C relationship. 

The authors of the present study favor an explanation based 
on the competition at recall between the various kinds of relevant 
contextual associations formed during List 1 and List 2 learning 
That is, context-specific-association bonds (context-W—R and con- 
text-RW) of the two lists may enter into competition not only 


12 Garskof (see n. 3 above), 
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2 learning but also during performance on the associa- 
g tasks, to the extent that the contextual cues during 
ue to elicit the (now higher in strength) W2-Re as- 

Future research on the specific-association-unlearning 

| might beneficially include signal-detection approaches 

sensitive technique for assessing the subtle processes 
ently involved. 


SOME EFFECTS OF STIMULUS-EXPOSURE TIME 
ON CHOICE-REACTION TIME 


Ricuarp E. Curist, Kansas State University 


Abstract. Eighty-six college students were run in two experiments inves- 
tigating choice-reaction time as a function of mixed and constant exposure 
time. Within the range of exposure times explored (50-150 msec.), conditions 
employing a constant exposure time did not differ from one another. How- 
ever, when a series of short exposure times was mixed with a series of in- 
termediate exposure times, the reaction time to both was increased. The ma- 
jor conclusion is that stimulus and subject factors develop within the ex- 
perimental situation to produce effects that cannot be predicted from knowl- 
edge of only the stimulus-exposure conditions. 


—— Á—MMMM a 


There have been a number of recent studies on the effects of 
stimulus-exposure time on reaction time. Raab and his associates 
have shown that simple reaction time became shorter with in- 
creasing exposure time, but only for brief exposures (up to about 
20 msec.) and only at dim luminances (up to about 30 mL)! 
With more complex discrimination tasks, Kaswan and Young have 
shown that both accuracy and choice-reaction time were affected 
by a much wider range of exposure times (4-512 msec.). Accu- 
Tacy increased with increasing exposure time at all luminance 
levels but was largely unaffected by variations in luminance (.09- 
11.84 mL.). Choice-reaction time varied as a function of both 
luminance and exposure time; the relation of luminance and ex- 
posure time to choice-reaction time gradually shifted from direct 
» Ei and brief exposures, to inverse at bright and long expo- 
ures, 


Various procedural problems can arise, however, when at- 
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tempts are made to relate the speed of reaction to stimulus vari- 
ables. Raab et al. have shown that the effect found for stimulus 
duration in simple reaction tasks was in part a function of the 
method employed for presenting various levels of the exposure- 
time variable? They concluded, as did both Johnson and Jarl, 
that when a short-duration flash is presented repeatedly over a 
block of trials, various attitudinal factors or preparatory adjust- 
ments may develop that arouse the subject to react as fast as pos- 
sible, while a block of longer durations might encourage some 
relaxation of effort. To assess the influence of exposure time with- 
out possible confounding by these differential sets or degrees of 
effort, Raab et al. concluded, the different levels of exposure time 
should be presented in a random sequence. 

The use of different exposure times within a block of trials may, 
however, introduce yet another procedural problem. Christ and 
Gerjuoy reported that the relative difficulty of additional choice 
responses, made in an otherwise common experimental situation, 
affected the reaction time to the common stimuli.’ Specifically, 
these experimenters required their subjects to press one of nine 
buttons in response to arabic numerals. The stimuli were pre- 
sented to one group of subjects for exposure times of 50, 60, 80, 
100, and 120 msec. For another group of subjects, a 140-msec. 
uration was substituted for the 50-msec. one in the same random 
Sequence of stimuli and exposure times. The results showed that 
after some practice, the choice-reaction time to the common set 
of stimulus-exposure times was shorter when the additional choice 
responses were made to stimuli exposed for relatively long times 
140 msec.) than for shorter times (50 msec.). The experimenters 
| Soncluded that the 140-msec. exposure times created a context in 
_ Which the entire task seemed easier. 4 
ü © purpose of the following experiments was to further inves- 
„Eate the influence of exposure time on a context-difficulty factor 
ih choice-reaction task. Experiment I was designed to replicate 
E Christ and Gerjuoy results, but in addition, task difficulty was 
‘nipulated by varying the number of alternative stimuli. 


*Raab Fehre 
4 ! T, and Hershenson (see n, 1 above). 
a. M. Johnson, Renction time measurements, Psychol. Bull., 20, -— 
Tetetior C. Jarl, Method of stimulus presentation as antecedent variable in 
OR ime experiments, Acta Psychol, 13, 1957, 225-241. s 
disjun, *. Christ and H, Gerjuoy, Difficulty context and practice "ep! 4 
| ehojo t Ye reactions, paper presented at the meeting of the Midwestern *sy 
Ogica] Association, Chicago, 1965. 
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EXPERIMENT I 


Method 


Apparatus. A Gerbrands two-field tachistoscope was used to present Deca- 
Dry rub-on numerals (1, 2, 3, and 4), These stimuli were 1.3 cm. high with 
a 2-cm. stroke width. Each stimulus was individually presented in the center 
of a 76 cm. X 22 em. white field, which was in turn centered in a 184-cm. 
square black field. The interstimulus field of the tachistoscope was identical 
to the stimulus field, but the white field was blank. The white rectangular 
ground in both fields had a luminance of 17.56 mL. 

A Mallory Sonalert (4500 Hz.) sounded 1 sec. before and terminated 5 
sec. prior to the presentation of each stimulus and served as a ready signal. 
Hunter timers were used to control the duration of the ready signal, the lag 
between the ready signal and the stimulus, and the lag (8 sec.) between S's 
response and the beginning of the next trial. One of three additional timers, 
selected by means of a three-position switch, was used to control the dura- 
tion of the stimulus exposure. 

The S responded by pressing one of two or one of four telegraph keys; 
two placed near his right hand and two near his left hand. These keys were 
wired to four response-indicator lights and to a Standard Electric clock which 
measured choice-response time to within .01 sec. 


Procedure. Thirty-six students volunteered to participate individually z 
240 trials. Sixteen Ss served in a two-choice reaction task; they were m- 
structed to press the extreme left key when they, saw the numeral 1 ni 
the extreme right key when they saw the numeral 2. The remaining 20 s 
served in a four-choice reaction task in which the extreme left and center 
left keys corresponded to the numerals 1 and 2 respectively, and the center 
right and extreme right keys corresponded to the numerals 3 and 4. Half of 
the Ss in each choice condition (Group S) had the stimuli presented for 5 
or 100 msec; for the others (Group L), 150 msec. was substituted for 50 
msec. in the same stimulus sequence. The order of stimuli and the durations 
were randomized with the restriction that each stimulus and each exposure 
time occur equally often in each of five 48-trial blocks. All Ss were instructed 
to respond as rapidly and as accurately as possible, Each S was given eight 
practice trials using both the common and additional exposure times i 
ensure that he understood the task. 


Results 


The median choice-reaction time for each duration within each 
trial block was determined for each subject. The top portion n 
Table I shows the means of these individual medians averaged 
over blocks and subjects. Table I also shows, in parentheses, the 
standard deviations of the average choice-reaction times within 
the groups. Errors were extremely infrequent for all subjects, an 
groups did not differ in terms of the frequency of errors. 
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In the two-choice condition there was & slight tendency over 
trial blocks for a shorter reaction time to the 100-msec. stimulus 
if the additional exposure time was relatively long (Group L) 
than if it was relatively short (Group S). However, analyses of 
the data showed that the difference between groups Was not signif- 
icant [F (1, 14) < 1.0]. Likewise, there were no significant effects 
attributable to blocks [F (4, 56) = 2.42, p > .05] or to the interac- 
tion of groups and blocks [F (4, 56) < 1.0]. Similarly, no significant 
effects were found for exposure time within Group $ [F (1,7) < 10] 
or Group L [F (1, 7) = 2375, p > .05]. 


TABLE I 
MEANS AND STANDARD DEVIATIONS OF CHoICE-REACTION Times 
FOR EACH STIMULUS-EXPOSURE Time WITHIN TREATMENT Groups 
ee ee 
Exposure time 
Treatment groups 50 100 150 


Experiment I 


Two-choice 
Group 8 388 (29) 386 (38) 
Group L 376 (70) 381 (74) 
Four-choice 
Group 8 538 (47) 542 (46) 
Group L 499 (43) 513 (45) 
Experiment II 
Four-choice 
Group 8 547 (56) 538 (56) 
Group L 494 (47) 498 (48) 
Group K50 496 (38) 
Group K100 494 (51) 
Group K150 499 (42) 


Note: All times in msec. Standard deviations shown within parentheses. 


Keg the four-choice conditions, subjects in Group L consistently 
8 RM more rapidly to the 100-msec. exposure time than did 
2» in Group S. A one-tailed uncorrelated t test was used to 
p difference between groups using each subject/s mean me- 
ov choice-reaction time as data. This comparison showed the 
erall difference between groups to be significant [t (18) = 2.03, 
T 05]. An analysis of variance performed on the data over blocks 
owed A significant practice effect [F (4, 72) = 3.04, p < .05], but 
the choice-reaction times of both groups decreased over blocks at 
Same rate, as is suggested by a nonsignificant interaction of 


groups and blocks [F (4, 72) « 1.0]. No significant effects were 
found for exposure time within Group S [F (1,9) < 1.0] or Group 
L [F (1,9) = 498, p > .05]. 


EXPERIMENT II 


Since the effects of mixed exposure time found in Experiment 
I were relatively small, it was decided that the replicability of 
these results needed to be established. This was one purpose of 
Experiment IL In addition, the data from Experiment I do not 
allow one to determine if the mixed exposure times caused an in- 
crease in the choice-reaction time of Group S, a decrease in the 
choice-reaction time of Group I, or both, relative to that expected 
without the mixing of exposure times. Hence, Experiment II also 
employed separate groups run at each level of exposure time as 
& control for the context effects created by combining exposure 
times within an experimental session. Finally, since the context 
effects were present throughout the five 48-trial blocks in Experi- 
ment I, smaller blocks of trials were employed in Experiment II 
to assess the development of the context effect. 


Method 


Apparatus. The apparatus was that used in Experiment I. 


, Procedure, Fifty students participated individually for 96 four-choice reac- 
tion trials. Ten Ss each served in Groups S and L, defined as in Experiment 
I. The remaining 30 Ss were assigned, 10 each, to one of three constant 
exposure-time conditions: Group K50 had 50-msec. exposure times, Group 
K100 had 100-msec. exposure times, and Group K150 had 150-msec. exposure 
times. The same random sequence of stimuli was used for all groups a2 
each stimulus, and each combination of stimulus and exposure time for 
Groups S and L occurred equally often within each of six 16-trial blocks. 
Instructions and practice Were as in Experiment I. 


Results 


Again the median ch 
combination of 
Grou 


Oice-reaction time was derived for each 
exposure time and trial block for each subject 1" 
ups S and L. For the three constant exposure-time groups; the 
median choice-reaction time was derived separately for the tria 
within blocks that corresponded to the common and additional 
exposure-time trials for Groups S and L. However, since no within- 
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group differences were found for these latter data, only the data 
from comparable trials were used in analyses between the mixed and 
constant exposure-time groups. The lower portion of Table I shows 
ihe means of these individual medians averaged over blocks and 
subjects within groups, and gives the standard deviations of the 
average choice-reaction times. Errors were again very infrequent, 
and groups did not differ in terms of the frequency of errors. 

As in Experiment I, there was a consistent tendency over trials 
for subjects in Group L to respond more rapidly to the common 
exposure time than did subjects in Group S. A one-tailed compari- 
son between groups, using each subject’s average median as data, 
was significant [£ (18) = 1.80, p < .05]. Again, however, an anal- 
ysis of variance failed to show an overall effect of blocks [F (5, 
90) = 1.03, p > .05] or an interaction of groups and blocks [F 
(5, 90) < 1.0]. As in Experiment I, no significant differences were 
found between durations within Group S [F (1, 9) = 3.10, p > 
05] or Group L [F (1,9) < 1.0]. 

For the constant exposure-time groups there were no between- 
group and no trial-block effects. Separate comparisons between 
comparable exposure-time conditions in the mixed and constant 
groups showed that Group 50K and Group 100K responded fas- 

ter than Group S at comparable levels of exposure time [t (18) 
|. < 2.53 and 1.73 respectively, p < .05 in each case]. Comparisons 
between the constant, exposure-time groups and Group L were not 
. Sifificant [t (18) < 1.0]. 


DISCUSSION 


mn main finding of the present experiments was the consistency 
ti results over independent investigations for the mixed exposure- 
Me groups. If it is assumed that exposure time over the range 
o has no independent effect on choice-reaction time—and 
Ee from the constant exposure-time condition in Experi- 
in E suggest this is the case—then the probability of obtain- 
lon Y chance four means such that the two from Group B are 
ha : ia the two from Group L is .167. The probability of ob- 
each of this same organization of mean choice-reaction times n 
^ ^ the three independent studies is less than .005. Hence, al- 
Were y the differences in choice-reaction time favoring Group L 
icant ery small, the replicability of these findings was highly signif- 

nt, and it must be concluded that some sort of context effect 
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in the mixed exposure-time conditions was responsible for the ob- 
tained results. 

The results obtained for the four-choice, mixed exposure-time 
groups substantiate the earlier findings of Christ and Gerjuoy 
(see n. 5). Specifically, subjects responded more quickly to stim- 
uli presented at a moderately long exposure time if other, addi- 
tional stimuli were exposed for relatively long times rather than 
for relatively short times. Unlike the Christ and Gerjuoy findings, 
the difference between groups did not develop gradually over 
blocks of trials but rather was present throughout the experiment. 
This discrepancy between the two studies may be due to the prac- 
tice given subjects in this study before the start of the experi- 
ment. No such prior praetice was given subjects in the Christ and 
Gerjuoy study. 

Another reason for the different effects found for trial blocks 
in the two studies may be the number of alternative stimuli em- 
ployed. Indeed, the results found in this study for numbers of al- 
ternative stimuli suggest that the number of alternative stimuli 
may be a major factor in establishing differential responding to 
the common exposure time. This in turn would suggest that 4 
context-difficulty factor, based on a random sequence of exposure- 
time conditions, cannot be established unless the task is already 
relatively difficult as a result of the number of alternative stimuli. 

If the choice-reaction times of the constant groups do in fact 
reflect the independent effects of exposure time within the range 
tested, the shift in choice-reaction time for Group S could then 
reflect a change in the apparent ease of the task—a change which 
developed as a result of the contrast between the moderately long 
and short exposure times, If, however, as Kaswan and Young Te 
ported, the relative ease of visual discriminations is directly T€" 
lated to exposure time, the results of the mixed exposure-time 
groups in both Experiments I and II could be accounted for by an 
assimilation process wherein subjects in Group S would encounter 
a more difficult task than would subjects in Group L. In this 
latter case, the consistently fast choice-reaction times obtained 
for the constant exposure-time groups in Experiment II could be 


attributed to differential sets which develop from the constant 
stimulating conditions? 


* Kaswan and Young (see the first reference in n. 2 above). 


See Jarl (n. 4 above); Johnson (n. 4); and Raab, Fehrer, and Hershens?" 
(n. 1 above). s : ï 
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r of the above explanations for the obtained results could 
ported from previous work in this area. The present two 
ments cannot, however, distinguish between these two inter- 
Furthermore, the present experiments cannot deter- 
thether the observed changes in choice-reaction time were 
change in the ease of discriminating stimuli or to a change 
readiness to respond. The major conclusion is, rather, that 
rements of reaction time are very sensitive to variations in 
ire. Before any effects observed in these measurements can 
buted to stimulus variables or to subject variables, much 
nust be known about the influence of factors that develop 
| the experimental situation. 


FALSE RECOGNITIONS AS A FUNCTION OF 
NUMBER OF PRESENTATIONS 


James W. Hatt and Epwamp E. Kozrorr, Northwestern University 


Abstract. A list of words was presented visually to 160 college students, 
who were asked to indicate whether each word had or had not appeared 
earlier on the list. Late in the list were associates of those ‘critical stimulus’ 
words that had appeared earlier, either one, three, five, or seven times. The 
frequency of false recognition of the associates first increased, then declined, 
as a function of the number of times their corresponding critical stimulus 
words had occurred, and was greater than that for nonassociates of previously 
appearing words. These results are considered in terms of a two-stage recog- 
nition model wherein the perceived situational frequency of a word is 
critical in the recognition decision. 


Several word-recognition studies have shown that the frequency 
of false recognition of words associatively related to previously 
appearing words is higher than for words not so related.’ This 
phenomenon has been interpreted as providing evidence for as- 
sociative encoding for memory. That is, when a word is pre- 
sented for learning, words associatively related to the word to be 
learned are elicited as implicit responses. These implicit associa- 
tive responses (IARs) are encoded and stored along with the 
word to be learned, frequently leading to subsequent false recog- 
nitions. 

In earlier papers it was suggested that the perceived situational 
frequeney of words presented for recognition is a critical cue for 
recognition decisions? This assumes, as proposed by Ekstrand, 
Wallace, and Underwood, that the frequency with which a word 
occurs is recorded in some manner.* The perceived situational fre- 
quency of a word presented for recognition is a function of the 
number of prior presentations of the word (perceptions of the 


Received for Publication November 4, 1969. The study was supported by * 
EU the ie author from the United States Office of Education. hol 
76, 1608, ample, see G. A. Kimble, Mediating associations, J. exp. Psychol 

? B. J. Underwood, Attributes of memo: i 88. 

» At ry, Psychol. Rev., 1969, in pre 

8J. W. Hall, Errors in word recognition and discrimination by children o 
two age levels, J. educ. Psychol, 60, 1969, 144-147; J. Hall, R. Sekuler, an 
W. Cushman, Effects of IAR occurrence on response time during subsequent 
recognition, J. ezp. Psychol., 79, 1969, 39-42. 

^B. R. Ekstrand, W. P. Wallace, and B. J. Underwood, A frequency theory 
of verbal discrimination learning, Psychol, Rev., 73, 1966, 566-578. 
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situational-frequency counts above zero exist either when a word 
was previously presented or when it occurred solely as an IAR 
lo a presented word. Presumably the count would be higher for 
an actually presented word, since such a word normally is per- 
teived by a subject, pronounced implicitly, and perhaps rehearsed. 
One would expect less attention to be given to any particular IAR. 

Hall, Sekuler, and Cushman proposed a model to account for 
performance when words presented for recognition fall into one of 
three classes: words presented earlier (‘old’ words), ‘new’ words 
that are strong associates of previously presented words, and 
‘new’ words unrelated to presented words? According to this 
model, the subject establishes a perceived-situational-frequency 
criterion, against which he judges words when recognition deci- 
sions are required. That is, words whose perceived situational fre- 
quencies exceed that criterion are judged ‘old’ and those whose 
do not are judged ‘new,’ Also, the further above the criterion, the 
E the confidence and the speed with which they are judged 
old. 


word by the subject) plus the number of implicit occurrences of 
the word, as a result, for example, of rehearsal of the words. Thus, 
The above analysis leads to a clear-cut prediction about the 
relationship between the number of occurrences of a word and the 
Probability that the word will be judged 'old' when it is presented 
for recognition. First, the greater the number of presentations of 
^ word, other things equal, the greater the probability of that 
Word subsequently being correctly judged ‘old.’ Second, the 
Seater the number of presentations of a word that consistently 
licit a particular associate as an IAR, the greater the probabil- 
"y of that associate being incorrectly judged ‘old.’ The validity 
» the first, of these two hypotheses needs no additional documen- 
‘ation, It is the second with which the present experiment is con- 
EM Some evidence relevant to it comes from an experiment 
Y Underwood in which a set of words was presented either 


e or three times prior to presentation of strong associates of 


ese Words False recognitions of the associates were more fre- 
E for the three-presentation than for the single-presentation 
mae Such a difference seems reasonable in that one would 
expect any word to elicit the same IAR for all subjects at its 


6 
ed Sekuler, and Cushman (see n. 3 above). iei ons 
EE | Underwood, False recognition produced by. implicit verbal responses, 
* "'Sychol., 70, 1965, 122-129. 
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first presentation. However, a second and third presentation might 
well result in nearly 100% occurrence of strong associates as 
IARs, thus providing increasing basis for subsequent false recog- 
nitions. However, the prediction following from the Hall, Sekuler, 
and Cushman analysis (see n. 3) is that with increasing numbers 
of occurrences as IARs of a set of words, the perceived situa- 
tional frequencies of those words eventually would be shifted up- 
ward to the point at which all would be falsely recognized, a pos- 
sibility that appeared intuitively unlikely. So the prediction was 
tested in the experiment reported here by presenting a set of words 
either one, three, five, or seven times (within-subjects) before 
presenting the associates of these words. Recognition performance 
for these conditions and for repeated and control words was then 
examined. 


METHOD 


Subjects. Ss were 160 students enrolled in an introductory psychology 
course at Northwestern University. 


Design and procedure, A list of 99 words was presented to the Ss. The 
first 66 items in the list were 7 filler (F) words, 9 repeated (R) words, and 
12 critical stimulus (CS) words. The F words were inserted to increase both 
the difficulty and face validity of the task. The R words were items which 
were repeated among the final 33 words in the list. Each of the 12 CS words 
was assumed, on the basis of normative word-association data, to elicit & 
particular response as an IAR and to do so with relatively high frequency: 
The CS words were divided into four groups of three words each, One 
group occurred once (CS1), one group occurred three times (CS3), one 
group occurred five times (CS5), and the remaining group seven times (C8). 
Thus, there were four conditions based on the number of presentations 4 
the CS words. A counterbalancing procedure was employed so that each 
group of three CS words occurred under each condition, resulting in four 
different, forms of the list with one-fourth of the Ss randomly assigne 
each form. 

The remaining 33 words were exactly the same for all lists. In addition 
to the 9 repeated (R) words were 12 experimental (E) words and 12 contro 
(C) words. The 12 E words were strong natural-language associates of a 
12 CS words that had occurred previously, These words are designated a 
E3, E5, or E7, depending on the number of prior presentations of the V 
words presumed to elicit them. The CS-E pairs were selected on the bast 
of published word-association data. The C words were approximately 
equivalent to the E words in general frequency of occurrence according 1? 


l 
* D. S. Palermo and J. J. Jenkins, Word Association Norms: Grade Scho? 


through College, 1964. 
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the Thorndike and Lorge norms,® but they were not strong associates of any 
other words in the list. Table I shows one form of the list and the function 
of each word. 

TABLE I 


Worp List AND Function or EAcH ITEM 


ms os hard cS train R 
M cs brush R fast E 
a S sow C8 bath © 
hand R butter CS brush R 
Pe Cs king cs flower E 
mountain F city R shoe c 
king cs ewe R wild R 
lamp cs slow cs quiet R 
month F hard CS Sft E 
blossom CS lamp cs Foul C 
va cs hammer CS bead CU 
lamp cs butter cs sleep E 
Mow o O quiet — R old E 
hammer CS on cs whiskey C 
king CS blossom CS pretty [e] 
cd F king cs cut E 
Bed R table CS between C 
hand R music R wing [e] 
tain R scissors C8 hand R 
lamp cs table cs light E 
slow cs blossom CS news R 
blossom. — CS on cs hat c 
"ad R king cs name [o] 
us Cs slow cs cow (0 
mus Cs butter cs city R 
Me C8 young CS der C 
tod F spider F chair E 
Ee R bed cs nil —E 
ien cS hard cs music R 
hammer CS hammer CS queen E 
jes c8 cs actor 

E od ae friend R 
blossom CS apple F off E 


Jw lists were presented visually by means of a slide projector to groups 

Tom four to eight Ss. The presentation rate was 25 sec. per word. The 

aig instructed to indicate ‘yes’ on an answer sheet if a word had 

final iy earlier in the list and ‘no’ if it had not. Only. responses to the 

items were relevant to the purposes of the experiment, so only those 
Were scored and included in the results. 


ou L. Thorndike and I. Lorge, The Teacher's Word Book of 30,000 Words, 
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RESULTS 


The mean percentages of ‘old’ responses were 82.8 for the re- 
peated words, 7.5 for the experimental words (combining the four 
conditions El, E3, E5, and E7), and 2.7 for the control words 
The mean percentages of recognitions that were false recognitions 
for the various categories of experimental words and for the con- 
trol words are shown in Figure 1. The frequency of false recogni- 
tions inereased sharply (from one to three presentations of the 
critical stimulus words), then fell off with additional presenta- 
tions; and the difference among the four experimental-word means 
was reliable [F (3,636) = 3.09, p < .05]. The overall differences 
between experimental and control words in frequency of false ret- 
ognitions was highly reliable [£ (159) = 6.88, 9 < .01]. Even in 
the case of E7 words the proportion of false recognitions was 
reliably greater than for the control words [t (159) = 3.98, p € 
01]. For this last-mentioned test, the difference in mean propor - 
tion of false recognitions was obtained by multiplying the mean 
number of false recognitions of E7 words by four, then subtract- 
ing the mean number of false recognitions of the control words. 
The error term employed was that used in testing the overall dif- | 
ference between experimental and control words. 


DISCUSSION 


In an earlier paper it was suggested that subjects make their 
recognition decisions on the basis of the perceived frequency of & 
word in relation to a perceived-frequency criterion set by the sub- 
jects. On the average, the perceived frequency of repeated WO 
would be higher than that for experimental and control words 
because every repeated word had been presented to every sub] 
earlier. The distribution of experimental words in terms ef per- 
ceived frequency would be higher than for control words, because 
of the prior occurrence of experimental words as IARs, but not 8$ 
high as for repeated words, since it is assumed that not all experi- 
mental words do occur as IARs for all subjects. This analysis $ 
consistent with the differences in frequency of ‘old’ responses for 
the control, E1, E3, and repeated words in the present experimen 
In particular it predicts the observed higher frequency of fa 


? Hall, Sekuler, and Cushman (see n. 3), 
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PERCENT  ,. ERRORS 


C WORD BASELINE 


NO. APPEARANCES. OF CS WORD IN LIST 


Fic. 1. Percent false recognitions of experimental (E) and control (C) words 
88 a function of the number of appearances of the critical stimulus (CS) 
Word earlier in the list 


recognitions of E3 than of El words, assuming that the two ad- 
ditional occurrences of the CS3 words resulted in the occurrence 
as IARs of an increasing number of the E3 words, these then be- 
mg shifted upward in perceived frequency past the perceived-fre- 
quency criterion. However, according to this analysis, the per- 
ceived frequency of E5 and E7 words, and thus the frequency of 
old’ Tesponses, would be even greater, rather than less as was 
found, In other words, this recognition-performance model simply 
ails to account for a substantial portion of the results in this 
“Xperiment. Rather than discarding the model completely at this 
Point, the authors are led to the following modification of it. 
ta two-stage recognition model is proposed, the first stage con- 
“sting of a comparison of the perceived situational frequency of 
* word with the subject’s perceived-situational-frequency Cri 
terion, as in the earlier analysis. When a word falls below that 
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criterion, as in the ease of nearly all control words, it is judged 
‘new’ and the subject moves to the next item. A substantial num- 
ber of experimental words, particularly if the corresponding criti- 
cal stimulus words have been presented only once, are immedi- 
ately judged ‘new’ in this fashion. However, many of the experi- 
mental words have occurred earlier as IARs and so register above 
the subject’s frequency criterion. We propose that such prior oc- 
currence of experimental words is a necessary but insufficient con- 
dition for their false recognition, because in most such cases the 
subject is able to avoid the incorrect judgment ‘old’ through a 
second comparison. It seems reasonable to assume that IARs ot- 
cur during recognition just as they do earlier and that the word 
most likely to occur as an IAR is the critical stimulus word which 
previously elicited the experimental word as an IAR. In other 
terms, the experimental words ‘remind’ the subject of the critical 
stimulus words presented earlier. This is particularly probable in 
the case of such bidirectional associates as table-chair and pails 
of polar adjectives. This appears likely even with such unidirec- 
tional associates as scissors-cut and blossom-flower, where the re- 
sponse words ordinarily would not elicit the stimulus words on à 
word-association test. That is, the prior occurrence of the criti- 
cal stimulus word ought to prime its subsequent occurrence as 8n 
IAR. The priming effect, would be particularly powerful when the 
critical stimulus word had occurred a number of times previously, 
as did the CS5 and CS7 words in the present experiment. More 
over, if the experimental word had been elicited as an IAR by the 
critical stimulus word earlier, then through backward association 
the probability of the critical stimulus word occurring as an IAR 
when the experimental word was presented for recognition would 
be increased. 

Once the subject is reminded in the above fashion of the critical 
stimulus word, the decision as to which of the two words really 
did occur earlier can be analyzed as a verbal-discrimination pro” 
lem, and the frequeney theory proposed by Ekstrand, Wallace, 
and Underwood (see n. 4) can be applied. This theory states that 
the major cue for discrimination is a disparity in perceived fre- 
quency between the two items, In experiments such as the pue 
ent one, a difference in perceived situational frequency betwe 
critical stimulus words and whatever words occur as IARs is P 
sumed due to the subject's relatively greater attention to aa 


implicit rehearsal of any word actually presented. This disparity 
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- would increase as the number of presentations of a given critical 


ceni LLLA 0c 0 00 00 UV 


stimulus word increases. It is primarily this disparity in per- 
ceived situational frequency between a critical stimulus word and 
its corresponding experimental word that would allow the subject 
to generally select the former and avoid false recognition of the 
latter. The fact that IAR false recognitions do occur in some in- 
stances may be due either to the failure of the critical stimulus 
word to come to mind when the experimental word is presented 
or to insufficient difference in perceived situational frequency be- 
tween the two. The probabilities of both of these events would be 
decreased as the number of occurrences of the critical stimulus 
word is increased. 

The notion that subjects discriminate between experimental and 
critical stimulus words on the basis of the difference between them 
in perceived situational frequency leads to a rather clear-cut pre- 
diction. Suppose that through word-association testing an experi- 
menter identifies three words not strongly associated with one 
another but each of which elicits the same word as a strong as- 
sociate, For example, lamp, heavy, and dark each elicit light with 
high frequeney but are very weakly associated with one another. 
Suppose further that under one condition subjeets are presented 
only one of these three words but with that word occurring three 
times in the list, whereas the remaining subjects are presented each 
oi the three words a single time. In the first instance, each time a 
frequeney count’ is added to the experimental word (light, in this 
tase), an even greater frequency count is added to the critical 
Stimulus word (say, lamp). Thus, a basis for diserimination be- 
tween the experimental and critical stimulus words in terms of the 
discrepancy in perceived situational frequency is developed. In the 
second instance, where converging associations are involved, there 
55 no build-up in the frequency difference with additional occur- 
rences of the experimental word because it is a different critical 
Slag word that occurs each time. Thus, one would predict more 
pt discrimination and a correspondingly higher frequency of 
“ise recognition in the case of converging associates. 
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A LINE ILLUSION WITH IRRELEVANT DEPTH CUES 


Many attempts have been made to refute Gregory’s hypothesis 
that the Müller-Lyer illusion, among others, arises when depth 
cues are present as a consequence of inappropriate constancy scal- 
ing. Thus, for example, Zanforlin has presented many instances of 
figures that give rise to impressions at deviance with plausible 
predictions from the theory. Since the theory appeals both to 
‘primary,’ or depth-cue, sealing and to ‘secondary,’ or hypothesis, 
sealing? interpretation becomes too complex to admit of disproof 
by isolated instances; indeed, it has been argued by Humphrey 
and Morgan that the theory is essentially untestable.* 

However, the accumulation of contrary instances, where illusory 
effects are obtained in circumstances where depth cues are clearly 
irrelevant, must eventually lead either to the abandonment of the 
theory or at least to a modification of the role assigned to depth 
cues. Attention has recently been drawn to one such negative in- 
stance, a derivative of the Müller-Lyer figure in which a line 18 
bounded by one ingoing and one outgoing arrowhead.’ In this figure, 
a mark located at the midpoint of the line appears to divide the 
line into two unequal portions. The apparent inequality persists 
regardless of which of the two possible three-dimensional inter- 
pretations a subject gives to the figure. Depth cues thus appear 
irrelevant to the illusion, which nevertheless contains the essential 
features of the Miiller-Lyer, 

The intention of the present note is to demonstrate a related 


ing, Nature, 199, 1963, 6' 
_?M. Zanforlin, Some observations G 's theory of 
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* R. L. Gregory, Comments on the inappropriate constancy scaling » 223 
of the Illusions and its implications, Quart. J. exp. Psychol, 19, 1967, 2. 
. K. Humphrey and M. J, M d the geometri 
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modification of the Müller-Lyer, in which depth cues appear ir- 
relevant, and in which the nature of the illusory effect is different. 
The new effect is shown in Figure 1. Observe that while there is, of 
course, no difference in the apparent length of the two lines, there 
is an apparent shift in position. 


Fia. 1. Vertical-shift illusion 


Clearly, the apparent downward shift in location of the right- 
| E nd arrow, and upward displacement of the left, may be used to 
s onstruet the Müller-Lyer effect. Thus, if the downward-displaced 
Eo head at lower right were transferred to the left, while the 
ni -displaced arrowhead at lower left were transferred to the 
E 4 conventional Müller-Lyer figure would be restored; the 
E figure should then show a discrepancy in apparent. line 
equal to twice the amount of the apparent shift. The Müller- 
E effect may therefore be due to the same perceptual mechanism 

| "ich gives rise to the vertical shift. 

* apparent, shift itself is most probably explained by a process 
| Sual averaging. That is to say, judgments of length are nor- 
Min] roe on the basis of the total complex of end cues, the end 

Ing taken as a form of weighted mean of the line and arrow- 
| elements, A related explanation for the Müller-Lyer, char- 


Of vi. 
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acterized as the ‘limited acuity’ theory, was discarded by Gregory 
on the grounds that it is perceptually quite possible to separate 
line from arrowheads However, it is not necessary to assert that 
subjects cannot perform the separation, merely that they normally 
do not. Asking humans to make pure judgments of any physical 
dimension is usually artificial, as is shown dramatically by the 
influence of relative density upon judgments of weight in the size- 
weight illusion, and it may here be assumed that judgments of line 
length are equally unnatural. It must, of course, be admitted that 
in order to derive unambiguous predictions, a visual-averaging 
theory would require much more stringent specification. 

However, it does appear that any alternative explanation in 
terms of depth cues can be ruled out, since these cues are doubly 
ambiguous. The arrows of Figure 1 may be given three-dimen- 
sional interpretations in four different ways. Each element of the 
figure may be likened to Mach’s reversible open-book illusion." Thus, 
the figure may be resolved into two ‘books’ with the ‘spines’ toward 
the observer, both ‘spines’ may be scen as receding, or either ‘book’ 
may project toward the observer while the other recedes. Since the 
illusory vertical shift persists regardless of the applied depth 
interpretation, it is clear that the effect is not mediated by the pe 
ceived proximity of the ‘spine’ lines. Two of the possible interpreta- 
tions produce odd effects, in the form of counterrotation of the 
apparent axes, but these appear unrelated to the shift phenomeno? 
It is true that an appeal may be made to a form of hypothesis 
scaling, since the 'pages' may be interpreted as lying at different 
locations along the same plane at right angles to the line of sight 
of the observer; but this explanation seems unnecessarily elaborate 
and is, in any case, different from an explanation in terms © 
differential apparent depths of the ‘spines.’ 

_The illusion figure shown seems therefore to present à further 
difficulty for a theory based on depth perception and to favor a 
simpler explanation—perhaps one based on an averaging process: 
Since the present figure may be transposed into the Miiller-Ly* 
effect, it seems probable that the Miiller-Lyer itself would be be^ 
served by something other than a depth theory, using presente 
rather than inferred features, 


, ^ ;jgvillé 
Dennis H. Horprxo, University of Louisvil 


* R. L. Gregory, Eye and Brain, 1966, 141-142 
7 M. Luckiesh, Visual Illusions, (1923) 1965, 69. 
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A VARIABLE-INTERY AL GENERATOR WITH 
AUTOMATED CHANGE IN MEAN INTERVAL 


The most commonly employed variable-interval generator con- 
sists of a microswitch arm riding on the surface of a moving loop 
of 16-mm. film in which irregularly spaced holes are punched. The 
arm drops into these holes, providing a brief contact closure. The 
film is driven at a constant speed by an a.c. motor, which results in 
a series of pulses with the mean interval between pulses determined 
by the spacing of holes. 

It often is desirable to change the mean interval between pulses 
in the course of an experiment. Where the change need only be made 
between sessions, one loop of film may be replaced by another in 
which the holes are spaced differently. Where the length of the mean 
interval must be changed during an experimental session, the usual 
Practice is to shift from one generator to another, a solution which 
Tequires as many generators as mean intervals. 

A more flexible and much more economical procedure is to use a 
generator driven by a d.c. motor, whose speed of rotation is, of 
course, directly proportional to the voltage applied. Changes in 
speed and therefore in the mean interval then can be programmed 
within a session by routing the current operating the motor through 
resistors of different value. The mean value of motor-driven vari- 


p" atio programmers may be altered within sessions by the same 
eans, 


Jonn Bixrz, University of California, Davis 
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AN UNOBTRUSIVE PHOTOCONDUCTIVE 
EYEBLINK TRANSDUCER FOR HUMAN SUBJECTS 


tion’ blinks can be unobtrusively recorded in ambient illumina- 

mou (overhead fluorescent and ineandescent) with a specially 

iste Died photocell which, properly positioned and connected, reg- 
T8 differences in light reflected from an open or closed eye. 
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Fro. 1. Front and top views, showing placement of the photocell sleeve 18 
the frame 
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Fig. 2. A record of eyeblinks from a subject (a) staring, (b) 
instructed lateral movements, and (c) reading 
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Type 4 CdSe cell such as the Clairex CL6040 or its equivalent 
red as one arm of a Wheatstone bridge. After balancing, the 
of the bridge is fed directly to a pen recorder for amplifica- 
. The Beckman 9801 d.c. coupler (or 9806A) and RS Dyno- 
ph provide suitable records. A pair of sunglasses with the lenses 
removed holds the cell, as shown in Figure 1. The cell is recessed in 

llackened aluminum sleeve, which serves to eliminate extraneous 
it. The placement of the sleeve unit in the frame is critical, of 
if there is to be no visual obstruction for the wearer. A record 
blinks from the transducer is shown in Figure 2. Blinks are 
distinguishable from such artifacts as head and eye move- 


transducer may also prove useful for those working with 
d conditioning. By the addition of another sleeve, placed 
trically about the photocell sleeve, an air puff could be de- 


to the eye. The whole unit would be easily put on and light 
ht. 


Henry Micuauewsxt, California State College at Long Beach 


CORRECTION 


listing for the authors of “Agreement among Subjects in 
ng Trigram Labels for Random Shapes” (Vol. 83, No. 1, 
should read: 


Brrnuarp Kemper, Georgia State University, 
and Hernerr Kare, Emory University 
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THOMAS VERNER MOORE: 1877-1969 


te nE re 


On June 5, 1969, Thomas Verner Moore, one of Wilhelm Wundt’s 
last living students, died in his ninety-second year at the Cartuja de 
Miraflores, Burgos, Spain. Although he had been living over twenty 
years in the seclusion of a Carthusian monastery, his death was 
widely noted in the Spanish press. He had gone to Spain in 1947, 
after retiring as head of the department of psychology and psychia- 
try at Catholic University, to give a series of lectures on psychia- 
try at the University of Madrid, and to remain in Spain as & 
Carthusian monk. 

This writer tried to visit him in Burgos in March, 1968, but was 
told that since it was Lent, the period of Hl gran silencio, he could 
see no one. He was reported to be well, but feeble and keeping 
mostly to his room. He had come to the United States in the mid- 
1950s to establish the first American Carthusian monastery, in 
Vermont; at that time he paid a brief visit to Catholic University, 
lecturing to the students of psychology. As a Carthusian, he had 
continued his interests in psychology, but it was a psychology trans 
muted into something beyond science: his last two books, published 
from Burgos, were Heroic Sanctity and Insanity and The Life ? 
Man with God. But he never lost touch with empirical methods: 85 
a Carthusian, he did a factor-analytical study of the states 0 
mystical experience, which is perhaps the ultimate attempt to com 
bine the empirical with the intangible. 

Father Moore was born in Louisville, Kentucky, On Octobet 
22, 1877. He received, from Catholic University in 1903, the first 
doctorate in psychology granted in the District of Columbia. This 
he published as a monograph in 1904 with the title “A Study 7 
Reaction Time and Movement." He was then sent by Edward A. 
Pace, a student of Wundt and the founder of the psychology 
laboratory at Catholic University in 1904, to Leipzig to study under 
the master. Given only a short time to live because of tuberculosis 
he returned to the United States to finish and publish at the 
University of California the psychological research begun under 
Wundt, The Process of Abstraction (1910). 

In 1910 he was back on the staff at Catholic University. Afte f 
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visit to Witmer's pioneer clinic at the University of Pennsylvania, 
he decided he should have a medical degree so that he could work 
with disturbed children. So he went to Munich to study medicine. 
These studies were interrupted by World War I. He returned to the 
United States to finish his medical studies at Johns Hopkins, taking 
his M.D. there in 1915. He then opened a clinic for children at 
Providence Hospital, Washington, and introduced the first clinical 
course at Catholic University, a course that was titled A Clinic for 
the Examination of Defective Children. Shortly, however, he was 
a in Europe as a psychiatrist with the American Expeditionary 
orces. 

After World War I, he succeeded Dr. Pace as head of the depart- 
ment, a post he held for almost thirty years until his retirement 
from the University in 1947. In 1926, he established Saint Ger- 
trude’s School of Arts and Crafts for retarded children in Washing- 
ton. In 1937, his clinic at Providence Hospital was moved to the 
campus of Catholic University, where it became The Child Center, 
a charter member of the American Association of Psychiatric 
Clinies for Children (supported for a number of years by the 
Rockefeller Foundation). 

Father Moore’s pioneer contributions to psychology were four- 
fold. He was a pioneer in integrating theoretical concepts, experi- 
mental methods, and clinical practice. He was a pioneer in applying 
the data from abnormal psychology to the understanding of the 
functioning of the normal personality. His Dynamic Psychology 
(1924) was one of the early books to use that title. He was & 
Ploneer in making psychology respectable in Catholic circles: he 
Wrote appreciatively of Freud, Jung, and Adler when these men 
Were almost unknown to Catholies (and to most others, too), and if 
“th practically anathema. He was a pioneer in his interest in 
ES s behavior in all its aspects, from the deeply disturbed psy- 

s : to the life of man with God." In many ways he was ahead of 
the x^ in the 1930s he and his students were doing research on 
Teadin vow of drugs on psychic functioning; he established a 
student clinic as a part of his child-guidance center; he was an early 

of the mathematical analysis of human abilities. 

b Y Iw à quiet, genial, friendly man. Empiricist and practictioner, 
| Scholar ae the detached, visionary, and often absentminded 

-As a clinician and psychiatrist, he knew clearly and pain- 
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fully the problems of his fellow man; as a philosopher and dedi- 
cated man of God, he knew what man could become. His life was 
devoted to the task of helping man to a fuller and richer life, here 
and hereafter. 


Joun W. Starrorp, C.S.V., The Clerics of Saint Viator 
Arlington Heights, Illinois 
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Columbia University 


THE MEASUREMENT AND PREDICTION OF JUDGMENT AND 
CHOICE. By R. DarreLL Bock and Lyte V. Jones. San Francisco: Holden- 
Day, 1968. Pp. 370. $1375. 


This book is an intensive elaboration of Thurstonian methods for psycho- 
logical scaling. Following a brief introductory chapter, there are four chap- 
ters devoted to the measurement of absolute and difference thresholds. Chap- 
ters 2 and 3 discuss the statistical and computational problems in fitting 
normal ogives (or other two-parameter classes of cumulative distributions) 
io psychometric functions obtained by the method of constant stimuli, 
Chapter 4 deals with certain variants of the constant-stimuli method that are 
useful in studies of absolute thresholds. Chapter 5 then gives a brief statistical 
treatment of Weber's law. 

The remaining chapters (Chapters 6-9) treat the measurement of 'affective 
values’ by analysis of confusion probabilities in the methods of paired com- 
parisons, ranking, or category rating, as well as various applications once 
ioi affective values are obtained. Such applications include linear models 
relating affective values to quantitative or qualitative characteristics of the 
Stimulus objects, the use of affective values to predict choices from among 
more than two alternatives, and the prediction of choices between com- 
Pound stimuli by combining affective values of the elemental stimuli. Ap- 
Pendix I then contains an unusual and valuable set of tables. 

E ja book is quite clearly written and should be easy reading for anyone 
likeli as had enough mathematical statistics to be comfortable with maximum- 
uad and related estimation procedures, But I have very mixed feel- 
fan about the value of this book. The authors treat some things extremely 
"n - Most notable are the many detailed examples, the consistent attention 
ine Proper estimation of confidence intervals, and the beautiful section on 
of ae paired comparisons, Other valuable material includes treatment 
with e Newton-Raphson method for solving nonlinear estimation equations, 
small. the relation of this method to probit analysis; discussion of bias in 
OS ica point estimates; the triangle test (oddity detection) for 
co, eiu thresholds; and inclusion of individual components in models for 
parative judgments. 

2 the other hand, a number of things are done rather poorly. A few 
becatigg rne Datical developments are unnecessarily hard to follow, either 
Sequit; of unfortunate notation, misprints in formulas, or logical non 

urs. These will not hamper a reader who knows mathematical sta- 
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tistics, but they may cause difficulties for someone trying to teach himself 
these methods with this book. 

The shoddy treatment of psychological theory is more serious. Two annoy- 
ing, though unimportant, examples are found in Chapter 1: the quaint 
distinction between ‘judgment’ and ‘choice’ (the correct basis for a dis 
tinction is what the experimenter assumes—that the subject's preferences 
are known or that the stimuli are perfectly discriminable—not what the 
subject is trying to do) and the simplistic view of model evaluation (that a 
model with fewer parameters showing a better fit is always superior). More 
important is the fact that the book ignores modern psychophysical thinking. 
The problem starts on page 3, where the distinction between theories in- 
volving variable thresholds and theories involving variable stimulus effects 
is muddled, and it extends through the first five chapters. Indeed, there 
is not a single reference in the text or the bibliography. to the literature 
on signal detection, despite numerous interconnections in Chapters 2-5 and 
Chapter 8. 

The authors of this book repeatedly recommend counterbalancing spatial 
or temporal order of stimuli and combining of the data from the counter- 
balanced orders, to eliminate errors due to ‘order effects.’ In justification 
they offer a simple symmetric order-effect model (p. 17), but this model is 
not seen again and is inconsistent with ones developed later in the book. 
Insofar as these later models are really appropriate, they contradict the 
recommendation to combine the data from counterbalanced orders. No men- 
tion is made of Luce's work on order effects nor of relevant theoretical 
issues such as the separation of response biases from real effects of spatial 
or temporal order. The treatment of Weber’s law is similarly insulated from 
modern thinking on the Subject. The authors use a form of Weber's law 
that cannot possibly hold for low stimulus values; and they repeat 
Fechner’s totally incorrect derivation of the logarithmic transformation. 
(Their method yields the correct answer in special cases by accident; their 
Equation 5.9 does not yield even a correct first approximation in general.) 

The authors ignore modern work on probabilistic choice theory almost 
as much as they ignore psychophysical theory, although the consequences 
my be slightly, less serious for the applied purposes of the book. The list of 
specific criticisms could be extended considerably. 

The significance of these failures in the area of psychological theory must 
be evaluated in the light of the authors’ expressed goals, however. For 
example, one of the major objectives of Chapters 6-9 is the prediction of 
choice frequencies of each of several alternatives by members of a specifi 
consumer population. Suppose, for instance, that a set of choice alternatives 
E five factors and that each factor has ten discriminable levels. 
This yields 10° = 100000 potential stimuli. Suppose further that one 
wishes to develop a general formula to prediet approximate choice frequencies 
when an arbitrary subset of m alternatives is offered to the consumer PoP” 
ulation. This book gives some practical methods that may work. For exam” 
ple, one might test levels 2, 5, and 8 on each factor, for a total of 3° = 
stimuli. A random sample from the consumer population might rate there 
243 stimuli singly (Chapter 8) or might rank subsets of them in a balanced 7 — 
complete-block design (Chapter 7). Using an appropriate model (Chapters 
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6-8), affective values for the 243 stimuli could be estimated. Then a linear 
prediction formula (Chapter 7) for affective values, in terms of quantitative 
measures of factor levels, could be developed, permitting estimation of affec- 
tive values for any of the original 100,000 stimuli. These estimated affective 
values would, in turn, allow predictions of the desired choice frequencies in 
subsets of n stimuli (Chapter 9). One could also test goodness of fit of both the 
model relating affective values to choice probabilities and the linear model re- 
lating affective values to factor levels. Assuming a reasonable fit of these models, 
one could calculate confidence intervals for the predicted choice frequencies. 
Thus, the authors’ major objectives in Chapters 6-9 are quite well fulfilled. 
Indeed, the entire book can be judged more favorably if it is considered as a 
contribution to applied statistics rather than to psychology. 

When the Thurstonian paradigm was developed, there was little competing 
theory in the areas of psychophysics and preferential choice. In the past 25 
years, however, substantial bodies of theory and of experimental results have 
secumulated in both areas; in psychophysics especially, a conceptual revolu- 
tion has occurred. The Thurstonian paradigm seems to have proceeded along 
its own insulated pathways, ignoring these developments. In so doing, it has 
lost much of its status as psychological theory and has become, rather, a 
methodology for prediction of event frequencies by extrapolation from small 
Simples and restricted situations. It has become, in other words, a branch of 
applied statistics, 

How useful is this body of applied statistics to psychologists? In the area 
of psychophysics, where conceptual growth has been greatest, I am afraid that 
the Thurstonian methodology may be dangerous, not so much because it 
Benerates wrong predictions in limited extrapolations, but because it doesn’t 
Provide the right framework for understanding what is going on. In the area 
of consumer choice, no one understands what's going on anyway, and the use 
of this methodology may be quite satisfactory for the time being. For those 
‘oneerned with predictions of consumer choice, this book should be valuable. 

Davin Krantz, University of Michigan 


a TASK OF GESTALT PSYCHOLOGY. By Wourcana Könuer. Prince- 
n, N. J.: Princeton University Press, 1969. Pp. vii, 164. $6.50. 


In November of 1966, only a few months before his death, Wolfgang Köhler 
pis called upon to give the Herbert S. Langfeld Memorial Lecture Series at 
pecon University. These four lectures have been reprinted as The Task 
va, talt Psychology, although on the basis of content, the title of this 
Olume could just as easily have been “An Overview of Gestalt Psychology." 
T © fact that these lectures were delivered to a mixed group of listeners, 
e all of whom were specialists in psychology, is both a point of weakness 
rd Strength. It is a weakness because we are denied another look at 
ia. incisive approach to theoretical problems—an approach that tends to 
expan 0t merely demonstration in the traditional manner but also careful 
*perimentation, It is a strength because, freed of the necessity of specifying 

€ details a colleague in the field would require of him, Köhler can survey 
wifi Toad expanse of Gestalt theory and attempt to show the outlines of a 

ed approach that has been applied in many areas of psychology. 
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The opening lecture is familiar to us all. It is the traditional Gestalt attack 
on the atomistic and analytic approach in psychology. Beginning with an 
analysis of the theoretical importance of stroboscopic movement, it moves 
through the concept of form quality and ends with a discussion of the general 
nature of interaction. This chapter could have as easily been produced by 
Wertheimer or Koffka. It is the battle cry of the Gestalt school of thought. 
The second lecture is quite different in tone and style. It is a philosophical 
justification of the concept of isomorphism. Kóhler begins with an interesting 
and insightful discussion of Descartes’ mechanistic view of the operation of 
the nervous system, and ends this section with a discussion of evolution. This 
is not psychology; it is, however, Köhler at his best. 

The third lecture is the most data-oriented of the entire volume. It begins 
with a discussion of cortical brain fields and reaches its peak with a presenta- 
tion of some of the Swarthmore data on electrical brain correlates of visual 
stimulation. Kéhler does not stop to deal with the objections of critics such 
as Lashley, or Sperry; in fact, he does not even recognize their existence in 
this phase of his work. In this section, one is given + brief glimpse of the 
fact that besides being an excellent theorist, Köhler ¿Iso was a competent 
and clever experimentalist. At this point, there is a sudden transition within 
the chapter and the discussion shifts to the field of memory. Here Köhler at- 
tempts to bring memory under control of the same organizing principles used 
in perception, and he includes a rather detailed discussion of the von Restorff 
effect. The fourth lecture then deals with relational learning and the problem 
of insight. It is primarily based on the data taken from the Teneriffe station 
—data which were the basis for The Mentality of Apes—but it is updat 
with some interesting examples of mathematical insight. This final section 
closes rather abruptly without a general summing-up of the central theme of 
the theory, which summing-up might have been helpful. 

Perhaps the weakest part of the book is the preface by Carroll C. Pratt 
Though it provides some useful biographical data, it spends nearly one- 
of its length on the problem of aesthetics, which Köhler does not discuss at 
all. Pratt also fails to analyze the impact of Gestalt theory on contemporary 
work. Given the fact that this is the final work of one of the theory’s origin" 
ators, such an analysis seems appropriate. But overall this volume has been 
done well. It is written in the persuasive and eloquent style that was Kohlers 
trademark, and it provides a panoramic view of the breadth and scope of 
Gestalt theory. It is not a book for the specialist in search of specific data or 
analysis; it is, rather, an interesting, warm, and intelligent overview of one 
of the most important theoretical systems to be introduced into American 
psychology in the last 50 years, 


Stantey Coren, New School for Social Research 


RECOGNIZING PATTERNS: STUDIES IN LIVING AND AUTOMATIC 
SYSTEMS. Edited by Pav A, Korens and Murray Even. Cambridge, Mas 
The M.I.T. Press, 1968. Pp. xi, 237. $11.00. 


, 
This interesting introduction to pattern perception is defined by bee 

overview chapter on animals' pattern perception, Eden's summary dun 

which provides a general discussion of the machine problem, and a collect! 


BOOK REVIEWS 293 


of contributed chapters on both topics sandwiched in between. The contributed 
chapters cover living systems from the points of view of speech production 
and perception (Samuel Jay Keyser and Morris Halle), visual neurophysiol- 
oxy (Shin-Ho Chung), and peripheral auditory mechanisms (William M. 
Siebert). Machine recognition is discussed in terms of recognition of hand- 
writing (Murray Eden), of the development of an experimental reading ma- 
thine for the blind (Samuel J. Mason and Jon K. Clemens), and of the de- 
velopment of programs whereby contextual understanding provides a 
man-machine link (Joseph Weizenbaum). 

The major strength of the book is its breadth, which is provided both in 
the definition of what pattern is and by the diversity of approaches to the 
study of pattern recognition (a diversity represented by the various con- 
tributed chapters). Psychologists will find Eden’s introductory chapter an ex- 
cellent overview of pattern perception from their point of view. The major 
weakness of the book is that the hoped-for synthesis does not occur. One is 
led to believe by the very nature of such a book that the general principles 
Which allowed one to traverse the route between the first and last chap- 
ters would be made explicit. The emphasis on empirical results, post hoc 
evaluation, and a diversity of approaches represents, however, the state of 

art. From reading this book one might conclude, as one of the authors 
“iggests, “that all that is shared by those who would build seeing machines 
and those who investigate existing biological perceivers is a respect and ad- 
uration for any system that works” (p. 99). 


Donatp R. Brown, Purdue University 


CLASSICAL CONDITIONING. By Roserr S. Beecrorr. Goleta, Calif.: 
Psychonomic Press, 1966. Pp. ii, 198. $5.25. 


In reviewing the American literature on classical conditioning, Beecroft has 
hp & very useful service. He has organized and summarized over 400 
C0) es on the classical conditioning of a variety of response systems. The 
verage of conditioning of the eyelid, heart-rate, pupillary, skeletal-motor, 
lon v pad galvanic skin responses is fairly extensive, and there is some men- 

n of nictitating membrane, vasomotor, and salivary responses. The author 
e included historical and methodological accounts of the general problems 

Ountered in research on classical conditioning, and he has discussed some 

* special problems associated with particular response systems. He has 
í mmarized the literature on simple factors that influence the condition- 
i po. and on such other traditional phenomena as extinction, generaliza- 

"fag compound conditioning. The book concludes with a brief summary 
tave ^ theories of classical conditioning and of other, broader theories that 

een based on classical-conditioning models. 

e á Xs ability of the text suffers from the extremely condensed nature of 
" Position, the lack of any figures, and an almost complete absence of 
of a Also, the author has included a large number of strong ogee 
Simplistic these are not always supported by data, and they tend to be 
emn" And somewhat misleading. Although there is little coverage of 

‘te beyond 1963 or for other than American research, the book should 
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be useful to advanced students as a fairly comprehensive introduction to the 
area of classical conditioning, and it is a good source of references and sum- 
maries for professional workers. 


Dav C. Raskin, University of Utah 


DEVELOPMENT IN HUMAN LEARNING. Edited by E. A. Lunzer and 
J. F. Morris. New York: American Elsevier, 1968. Pp. xiv, 487. $1050. 


The volume under review is the middle part of a trilogy with the general 
title Development in Learning. Volumes 1 and 3, which I have not seen, are 
The Regulation of Behaviour, which treats issues in the study of learning, 
and Contexts of Education, dealing with individual differences and social 
factors in education, 

Volume 2, the book with which we are concerned here, consists of M 
chapters by 13 contributors: “Perception and Perceptual Learning,” by M. D. 
Vernon (one of the book's irritating stylistic oddities is the failure to give 
authors’ first names) ; “Social Learning and Identification," by H. R. Schaffer; 
"Experimental Approaches to Concept Development in Young Children," by 
Marion Blank (an exception whose given name is spelled out and who is also 
the only non-British contributor); “Skill,” by G. F. Reed (discussing not $0 
much ‘skills’ as ‘skillfulness,’ or mastery); *Language and Mental Develop- 
ment," by M. M. Lewis (after he has spoken repeatedly of “orectic factors, 
Lewis finally identifies these as “personality”; Lewis refers to me as an "anti- 
Skinnerian,” whereas, being anti-almost everybody, I tend to think of myself 
as a Churchian); “The Experimental Psychology of Grammar and Its Rele- 
vance to Children's Language Learning,” by P. Herriot; “Reading and Leam- 
ing to Read,” by G. R. Roberts and E. A. Lunzer; "Systematization of 
Thought,” by K. Lovell; “Formal Reasoning,” by E. A. Lunzer; “Conceptual 
Learning and Explainer Thinking,” by E. A. Peel; “Social Learning and 
Perspectives in Adolescence,” by J. F. Morris; “Programmed Instruction, 
by H. Kay; “Learning and Development—Schematic Learning in Mathe- 
matics,” by R. R. Skemp (as a mathematical semi-literate, I found Skemp* 
paper entertaining and informative, but I am not sure how it relates ^ 
learning in general; there are overtones of the value of 'mental discipline, 
but this may have been my own projection); and "Psychology and the 
Teacher," by E. A. Lunzer (a pulling-together of the book and of the three 
volumes), 

I have listed the contents in detail so that I could make there the ü 
remarks I wanted to make about individual chapters rather than about 
book as a whole. I wanted to give the reader an overview of its contents ona 
in so doing, to pose a concept-formation task: what does the title of B 
book mean? As nearly as I can make it out, the book should have bal 
called “Learning in Human Development,” since this seems to be the 3 
ing strand. 

This book has several American counterparts, notably the k: 
Hoffman and Hoffman Review of Child Development Research (New pi 
Russell Sage Foundation, 1964 and 1966) and the forthcoming Muss? 


two-volume 
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vision of Carmichael’s Manual of Child Psychology (New York: Wiley, 
1954). While the coverage is much the same, the organization of topics is 
rather different; there is much more attention in the British volume to the 
British literature, and the perspective is indefinably but tangibly British. 
The conributions to the Lunzer and Morris volume are consistently thorough, 
scholarly, and—with a few happy exceptions that I prefer not to single out— 
about as badly written as the American psychological literature. At first, one 
finds oneself rewriting as one reads, which is probably an excellent way of 
ensuring attention and comprehension; but this process soon becomes tedious, 
and the reader finds himself sliding through whole paragraphs with zero 
retention, so that he is forced to renegotiate the same passages in search of 
enlightenment. The book is haunted by two presences, one living and one 
phantom. The living presence is Jean Piaget. The extent to which he domi- 
nates these pages can be gleaned from the number of times he is cited in 
the index: 34 mentions, closely followed by 32 for his collaborator Inhelder 
(there is considerable overlap), as compared with 15 references to Skinner, 13 
each to Bartlett and Vigotsky, 12 to Bruner, 10 to Lovell (one of the authors, 
Whose own chapter of course figures among the mentions), 9 to E. J. Gibson, 
8 to H. Kay (also a contributor), 7 each to J. Annett, Broadbent, Harlow, 
E. A. Peel (another author), and Wohlwill, 6 each to I. H. Anderson, Chom- 
sky, W. F. Dearborn, Erikson, Freud, Gesell, E. Kaplan, H. W. Reese, and 
H. Stevenson, and way down the totem pole, 5 each to A. Alpert, Bandura, 
R. Brown, C. C. Fries, Fromm, J. Kagan (mislabeled in the index as L. 
Kagan), Lorenz, Werner, and Wertheimer. It must be said that Piaget is 
treated here less reverently than by some of his American disciples, but 
he is undoubtedly the key character. The phantom presence is information 
cory, which author after author discovers as the harbinger of miracles to 
come, apparently unaware that they are reenacting an American drama of 
h Years ago, in the final act of which the decomposed remains of infor- 
ation theory were gently laid to rest, leaving behind only a few meta- 
Phorical mementos (feedback, channel, information overload, and the rest). 
E" many analogies one can find between information concepts and 
man Processes, information-theoretical analysis leads in the end not to 
beret logical elements but to computer programs. Computer simulation of 
por may be an amusing intellectual game, but I find it hard to believe 
anyone nowadays takes it seriously as an approach to understanding 

£ human condition, 
^ Jacket copy states that this book is “designed to serve as a course 
i ook for students in Departments of Education who are preparing for 
E. diplomas and degrees." I cannot assess how well it serves this func- 
i "Pal ìt seems to me that the approach is open to question. The book, 
virtues “eg counterparts, may collapse between two stools. It lacks the 
"m OF either the true textbook, which is woven together, no matter how 
pe cratically, out of a single vision, or the book of readings, which puts 
Udent in direct touch with some of the original documents of a field. 


| a Sctions such as this can serve mainly as useful reference works until, 


8 fi 
CW years, they have gone completely out of date. 
Josern Cnvncu, Graduate Center, City University of New York 
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CHEMICALLY ALTERED STATES OF CONSCIOUSNESS: 
NINE REVIEWS 


The Psychopharmacology of the Norman Human, edited by Wayne 0. 
Evans and Nathan Kline (Springfield, Ill: Charles C T homas, 1966), is a 
252-page book and one of the most recent collections of research papers on 
the effects of psychoactive drugs. In addition to containing some useful and 
interesting results, it provides evidence that this research area is maturing. 
Witchcraft, mythology, and medical dogmatism are being replaced by ob- 
jective experimentation and analysis. 

The book contains nine chapters by twenty contributors. Comments on 
four of these chapters follow. “The Effect of Antianxiety Tranquilizers on 
the Behavior of Normal Persons” is by F. M. Berger and J. Potterfield, 
who found that minor tranquilizers such as meprobamate (Miltown) when 
used in the conventional clinical dosages do not alter the behavior of 
emotionally stable people but tend to “normalize” the behavior of unstable 
persons. This result is in contrast to the effects of older sedative-hypnotics 
such as the barbiturates, which alter behavior independent of emotional sts- 
bility. “The Effects of Amphetamine and Chlorpromazine on Cognitive Skills 
and Feelings in Normal Adult Males” is by E. K. Davis, W. O. Evans, and 
J. 8. Gillis. They compared d-amphetamine (Dexedrine) (15 mg.), chlorproms- 
zine (Thorazine) (75 mg.) and a placebo, using a battery of cognitive tests 
on 90 adult males. The effects were not large because the dosages were not 
large. (Teenagers often ‘pop’ 50 mg. of Dexedrine, and dosages of Thorazine 
in psychotherapy run as high as 800 mg.) 


"Studies of P. sychoactive Drug Effects on Nonpsychiatrie Patients: Meas- | 


urement of Affective and Cognitive Changes by Content Analysis of Speech” 
is by L. A. Gottschalk, G, C. Gleser, W. N. Stone, and R. L. Kunkel 
Stimulants, sedatives, major and minor tranquilizers, and three psychedelics 
(LSD, ditran, and psilocybin) were used in a series of experiments from 
Which content analyses of speech were made. The instruments used were 
not sharp and precise, but that didn't matter much: the effects observed 
were large and therefore very interesting. Anxiety scores were reduced by 
amobarbital and chlordiazepoxide, two rather strong depressants. Achieve- 
ment and energy-level scores were increased by amphetamines. The Be 
psychedelic drugs did not alter anxiety and hostility scores but ine 
cognitive and intellectual impairment scores.” It was also found that se 
Or suggestion regarding the drug effects were about as effective 88 the 
drugs themselves. The Problems were attacked head-on and so the results 
were rewarding—unlike those of many studies in which subtle effects wer? 
measured with precision but from which one learns very little. - 
“The Attenuation of the External Environment and the LSD Effect 7 
by Allan Edwards and Sidney Cohen. Thirteen LSD-naïve subjects Ti 
tested under four conditions: with 125 yg. of LSD or a placebo, UP le 
sensory deprivation or sensory normalcy, Under sensory normalcy, all 18D 
jects correctly reported the Presence or absence of LSD. But in the and 
sensory-deprivation condition, seven Subjects reported no LSD ere 
the other six reported that they had had a much reduced dose of 
The investigators realized in advance that sensory deprivation 19 ne" 
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complete in such experiments. This and other evidence support the view 
that complete sensory deprivation would fully counteract the LSD effect. 
The conclusion seems clear: LSD manipulates sensory inputs; it does not 
manufacture them. This is an unpretentious small study conducted by an 
expert in experimental design and a distinguished psychopharmacologist— 
which seems to make a good research team in the field of psychoactive drugs. 


This first review raises a much larger issue, which deserves at least brief 
discussion here, Psychologists should be more interested in psychoactive 
drugs such as amphetamines, barbiturates, heroin, and LSD for at least two 
good reasons: First, the drugs’ effects are becoming more and more socially 
relevant, and much scientific work is needed, Second, these chemical agents 
are promising research tools in developing better theories of cognitive 
processes, indeed, of consciousness itself, A relatively small number of 
Psychologists have been aware of this for a long time, but the possible 
risks to human health as well as governmental restrictions (some of them 
unnecessary) have inhibited psychological investigations and restricted them 
to specialized medical settings. A few psychologists such as Timothy Leary 
have become crusaders or cultists and have thus isolated themselves from 
the mainstream of psychology. But by and large, psychologists have avoided 
working with the chemical mind-changers for one reason or another. 

A very powerful mind-altering drug, ethyl alcohol, has been America’s 
national ‘recreational drug’ for a long time, but in recent years it has acquired 
* competitor: marihuana. The National Institutes of Health estimated that 
12000000 Americans—most of them young—have tried this weed. That 
figure is still small compared to the 80,000,000 drinkers and 6,000,000 alcoholics 
m the country. The use of heroin and other opiates has been on the decline 
or decades (their publicity, however, has been increasing) ; but amphetamines 
‘nd other stimulants, and barbiturates and other sedatives, are being used 
In heavy dosages more every. year. Finally, the psychedelies, or hallucinogens, 
such as LSD, mescaline, and psilocybin are now being used for the first time 
E history as recreational drugs. (Their use for religious or therapeutic goals 
ates back several centuries.) 4 

From the point of view of psychological research, the psychedelic drugs 
are the most interesting, because they can produce striking new phenomena. 
AM Opiates and related drugs decrease a person's sensitivity to external 
phys al stimuli. The amphetamines seem to speed up mental and 
aaien] processes, The barbiturates and tranquilizers, like alcohol, alow 
En those processes, But the psychedelics seem to ‘expand consciousness, 
and i LSD devotees say, and they certainly cause perceptual distortions 

yilusions, Sometimes they appear to cause temporary or permanent 
"dn oses; more likely they tend to facilitate the development or expres- 

M of psychoses, 
yer, nterest in psychoactive drugs became more than casual less than a 
led ^an When a request to teach an undergraduate seminar on the oe 
that ma to read a large part of the existing literature. (I soon -— 
seio, ny of my students were better read than I.) Because I had no pro- 
onal guide, I did a good deal of stumbling about. The following is 
familia to save others some time and effort if they want to become 

T With the field. The major books are briefly described below. 
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The Pharmacological Basis of Therapeutics, edited by L. S. Goodman and 
A. Gilman (3d ed.; New York: Macmillan, 1965), is a 1,785-page compendium, 
written by 42 leading authorities, on all kinds of drugs used by the medical 
profession. Section II, "Drugs Acting on the Central Nervous System," con- 
tains most of the material on psychoactive drugs. Chapters 9 and 10, by 
Seth K. Sharpless, deal with hypnotics and sedatives—the barbiturates and 
similar depressants. Chapter 15, by Jerome H. Jaffe, is concerned with the 
opiates and other narcotics (as medically defined, not legally). The 
amphetamines are in Section IV, Chapter 24, on “Sympathomimetic Drugs” 
by Tan R. Innes and Mark Nickerson; and cocaine, also a stimulant, is 


of cocaine today. The psychedelics are covered almost incidentally in Chap- 
ter 12, by Murray E. Jarvick, on “Drugs Used in the Treatment of 
Psychiatrie Disorders.” Indeed, the medical use of the psychedelics has been 
almost. incidental, Fortunately, a separate medical book on psychedelics is 
available (Hoffer and Osmond, see below). Although the organization of 
Goodman and Gilman leaves much to be desired by the psychologist, it is 
by far the most complete orthodox medical book on drugs; a fine index 
makes it even more useful. The only major weakness of the book is a 
reflection on the state of pharmacology: it lacks clean and complete ex- 
Perimental data using reliable and valid psychological measures, Further- 
more, modesty and caution are lacking; often a single, poor experiment 
is the basis of a ‘statement of medical fact.’ But if you want to know 
What is known, Goodman and Gilman is the best source. 


The Hallucinogens, by A. Hoffer and H. Osmond (New York: Academic 
Press, 1967), is by far the most complete scientific trentment of psychedelic 
drugs, Tt contains most of the historical, anthropological, experimental, clin- 
ical, chemical, and Physiological knowledge on all known drugs in this 


dictionary form, Written by a journalist, In paperback, it sells for $2.95 and 
80 1s a ‘must.’ It includes slang or ‘hip’ terms as well. It is impressive that 


a layman can be as knowledgeable as Lingeman clearly is. This should also 
be encouraging to students, 


York: Grove Press, 1959), which is more difficult to read, describes the drug- 


induced experiences of a brilliant man and writer, It has an appendix 
describing the effects of the major ‘recreational’ drugs—an appendix that 
might teach a lot to physicians, 


The Marihuana Papers, edited by D. Solomon (New York: Bobbs-Merrill, 
1966), is the most important, though a bit dated, collection of societal, 


A 
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literary, and scientifie papers on the milder form of cannabis, including the 
classic LaGuardia report, Howard Becker's “Becoming a Marijuana User,” 
and a Burroughs essay. The orientation is definitely pro-marihuana, but 
therein may lie its value. It comes in paperback for only $1.50. 


Pot: A Handbook of Marihuana is by J. Rosevear. (New Hyde Park, 
N. Y.: University Books, 1967). Despite its subtitle, it furnishes the scien- 
tifically inclined an abundance of information on nature's source of tetra- 
hydrocannabinol and probably other related psychoactive drugs. (I agree 
with Burroughs that cannabis does not belong in any of the four major 
categories of psychoactive drugs: stimulants, depressants, narcotics, and 
psychedelics. Rather, cannabis is a sensitizer, enhancer, or facilitator of 
moods and effects of other drugs.) 


The Varities of Psychedelic Experience is by R. E. L. Masters and 
J. Houston (New York: Dell Books, 1966). Many books and articles have 
been written about the horrors of LSD and about the beneficial effects of 
the drug. Among those books sympathetic to LSD use, the best I have seen 
is this one. The authors present lucid descriptions obtained from first-hand 
observations on over 200 drug sessions and from interviews with another 200 
persons who had had psychedelic drug experiences. The book provides an 
account of the ‘richness’ of the phenomena. The authors are clearly opposed 
to current legal and social restrictions on LSD use but are equally op- 
posed to its unrestricted use. 


Physicians’ Desk Reference to Pharmaceutical Specialties and Biologicals 
(23d ed.; Oradell, N. J.: Medical Economics, Inc., 1969), known in the trade 
as the ‘PDR,’ is a compilation of manufacturers’ information on their drug 
products. Over 2,600 drug products are cross-indexed in various ways. The 
main value of the PDR is in identifying a legal drug from partial informa- 
tion such as trade name, chemical name, manufacturer, or appearance (color 
photographs are included). The PDR is given free to all medical practitioners 
but is otherwise not generally available. My own experience suggests that 
it can be obtained by researchers and teachers, however. 

Rosert R. Busu, Columbia University 


FUNDAMENTALS OF SKILL. By A. T. Wetrorp. New York: Barnes & 
Noble, 1968. Pp. 426. $11.25. 


Those who have tried to keep abreast of research and thinking in British 
experimental psychology will be grateful for this book because it is a good 
statement of the topics that interest so many British experimentalists and 
which they subsume under the rubric of skills. The word ‘skills’ connotes 
motor behavior to many psychologists, but Welford dismisses this narrow 
definition and says that skills are “eoncerned with all the factors which go 
to make up a ‘competent, expert, rapid and accurate performance. Skill 
in this sense thus attaches, to a greater or less extent, to any performance 
and is not limited to manual operations but covers & wide range of mental 
activities ns well" (pp. 12-13). Such an all-embracing definition can cover 
the concerns of most psychologists, and so robs 'skill' of the precision re- 
quired to make it a scientifically useful term, but the contemporary history 
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of experimental psychology in Britain makes Welford's definition under- 
standable. Sir Frederic Bartlett was a prime mover of British experimental 
psychology and his involvement in human-factors work during World War 
II stimulated an interest in man-machine relations that left its mark on 
Bartlett and the psychologists he trained. Bartlett's progeny now exert a 
prominent influence on British experimental psychology, and man's be- 
havior in work settings is the implicit frame of reference which drives the 
interest in skills that many of them have. Welford's definition of skills 
makes sense, given these determinants in his scientific culture. Instead of 
being solely the study of motor behavior, the study of skills becomes a 
concern with all the variables that make up the complex behavior of fac- 
tory workers who operate lathes, of pilots, or of radar operators. Yet the 
study of skills is not necessarily applied psychology. Perhaps from Bartlett 
comes a strong urge toward basic research and toward the point of view 
that the laboratory and the field enrich each other. Those who tense apart 
the variables in the laboratory will someday have their say in the field, and 
they choose research problems that Stand a better-than-even chance of 
eventually bearing on practical work situations. Welford's book should be 
read with this scientific attitude in mind; it reflects an ease of movement 
from field to laboratory and back again, and lacks the tendeney toward 
compartmentalization of basic and applied research that characterizes psy- 
chology in the United States, 

As might be expected, Welford's theorizing has a strong engineering 
flavor, and he reveals a conviction that engineering theory and psychological 
theory are interdependent and interchangeable when he says, "It is a not 
unfair test of a psychological theory to challenge its author to design a 
machine that would behave in the same way as his theory would predict 
for a human being” (p. 25), ‘This bias is not likely to catch on in theoretical 
psychology or to stir philosophers of science, but it is enough to justify 
Welford’s use of signal-detection, information, and servo theories in his 
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more things at once or in rapid succession, and it is Welford's prize chapter, 
perhaps because the British have been in the forefront of this research. The 
heading “Single-Channel Operation" reflects the British conviction that man 
is a limited data-processor and can handle only one event at a time, making 
him an “intermittent-correction servo" because he must respond, process, 
respond, process, and so on. Chapter 5 represents an effort to clarify motor 
movement, and it centers on Fitts’ work on movement time as à function 
of target width and distance. Chapter 6 opens with a conventional treat- 
ment of perception and the meaningful processing of complex stimulus dis- 
plays; it ends with a satisfying account of the literature on control-display 
linkages, saying that the perceptual interpretation of displays is only part 
of the behavioral battle. 

Chapter 7 is & review of short-term memory; it gives too much space 
to studies of memory span and dichotic listening and not enough to the 
other data and ideas on short-term memory that have deluged us in recent 
years, There is a refreshing challenge of the trace-decay theory of for- 
getting, which is surprising because trace decay has been orthodoxy in 
British thinking for some time. Regrettably, Chapter 7 lacks a sister chap- 
ter on long-term memory. Loading is the topic of Chapter 8—a long 
chapter because it spans a range from the work overload that produces 
fatigue to the underload of infrequent signals that creates a need for 
vigilance. The section on fatigue has interesting ideas on the locus (central 
versus peripheral) of fatigue, but it is deficient because it bypasses the 
American research on work inhibition. Chapter 9 on acquisition of skill is 
sound enough as far as it goes, but only one chapter in ten on acquisition 
gives learning a minor role in Welford’s scheme of things. That learning 
should be an unauspicious citizen in a land where engineering theories 
reign is not surprising. The final chapter, Chapter 10, on personality, moti- 
vation, and social relationships, is so outside the mainstream of the book 
as to be an anomaly. Perhaps the chapter represents Welford's attempt to 
broaden the scope of inquiry for skills, which is commendable, but it comes 
through as an afterthought and one cannot escape the feeling that it should 
have been left out. oe 

None of these criticisms should detract from the conclusion that this is 
a scholarly book written by & man who knows what he is talking about. 
The 1,000 or so references, integrated and interpreted, show Welford's 
depth of penetration, which is also present in his clear prose. The book 
invites comparison with two other recent, books on skills (E. A. Bilodeau, 
Acquisition of Skill, 1966; E. A. Bilodeau and I. McD. Bilodeau, Principles 
of Skill Acquisition, 1969). Happily, the redundancy is minor, Any psy- 
chologist interested in the complexities of human performance, whether he 
be of ‘basic’ or ‘applied persuasion,’ will want all three of these books 
on his shelf. : 

Jack A. Apams, University of Illinois at Urbana-Champaign 


FOUNDATIONS OF EXPERIMENTAL RESEARCH. By Rosert PLUTCHIK. 
New York: Harper & Row, 1968. Pp. xiii, 290. Paperback, $3.95. 


This small volume is essentially a textbook on the logic of research. The 
fact that the author is a psychologist is detectable but not intrusive. The 
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writing is succinct but the coverage is general. The beginning student will 
learn the basic reasons underlying various kinds of experimental design, 
laboratory methodology, and statistical evaluation, but he may not be in 
position to do any research, because of his lack of contact with any real 
content or with any experience in the form of exercises in which the logic has 
been employed. The book is written as a series of explanations of why 
researchers proceed as they do, of why they use this or another measure 
or statistical test—without taking into account the student's interests, It 
appears to be more an aid for instructors who are teaching elementary experi- 
mental or statistics courses and may not be quite sure of what they are 
about. In the latter circumstance it could be quite useful to instructors 
whose basic preparation has been hasty or inadequate. 

The reviewer felt a lack of contact with psychology in any historical sense 
—of any relation of the methodology to psychological problems. There is a 
brief chapter on psychophysics, but the student will not be able to grasp the 
concepts involved in Weber's law from its treatment there. One gets the 
impression that psychological methodology developed yesterday, full-blown, 
ready, to apply—without any appreciation of where and to what it does 
apply. In sum, much of the material is competent and valuable, but there 
is no question that the text needs a teacher, a program of exercises, and 
considerable support from additional readings. It is clearly a supplement 
and, in the right hands, could be very helpful, 


B. R. Bvczrsxr, State Uiniversity of New York at Buffalo 


METHODS FOR EXPERIMENTAL SOCIAL INNOVATION. By GroncE 
W. FAIRWEATHER. New York: Wiley, 1967. Pp. x, 250. $7.95. 


This book is both a textbook and a book of advocacy. It advocates and 
aspires to describe a socially responsible and scientifically respectable means 
of effecting social change, informed with empirical study and evaluation. It 
defines experimental social innovation and discusses in varying depth a wide 
RN À issues, from the planning of the administrative, 
scientific, and implementative components of that innovation, to its evalua- 
scientific criteria, and the training of the per- 
for a center for research and training in ex- 
n is advanced, and some of the professional, 
à anticipated as a result of such a center are noted 
and discussed (eg, 
a behavioral technocracy 38 a political force). The book addresses the 
problem of generating and testing alternative solutions to social problems. 


This is not a handbook and will not give the student the knowledge of 
experimental design and 


execution of experimental 
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“obtaining administrative commitments” may seem more impressive, unless 
that is what the reader is close to. Specialists in some particular phase of 
the program will find the treatment terse, perhaps sketchy, but will gain 
from reading sections further distant from their own concerns. The book 
addresses a wide domain, and therein lies its value. It brings between two 
covers the reflections of a scientist engaged in experimental social innova- 
tion, his outline of the choice points encountered, the alternatives, and his 
prescriptions. 

Fairweather prescribes widely. For example, on preparing for the re- 
search he says that “researchers concerned about the problems of [Negroes] 
should spend as much time living in their situation as . . . in formulating 
theories about them" (p. 41); on forming the research team he says, “It is 
exceedingly important, since social innovative research is multidisciplinary 
and essentially empirical in nature, that those individuals who are committed 
to a single approach or theoretical position do not become involved in 
these experiments” (p. 65). 

The book is important because social science will increasingly be asked 
to manage social innovation—or have it wrested from our hands. Fairweather 
is concerned that we do it, and do it well. His book should be widely read; 
it should also be widely amended as we make additions to a scientifically 
sound repertoire for dealing in social innovation. Since social experiments 
of the magnitude discussed will probably not easily be repeated, their plan- 
ning and execution must be done right the first time. Social innovation is 
ongoing, and many will agree that it is accelerating. Fairweather points 
out that it is better implemented on the basis of knowledge of outcomes 
than in terms of politics. This book is a contribution toward the amassing 
of the requisite knowledge. 


Roy S. Marrass, University of Illinois at Urbana-Champaign 


EDUCATIONAL PSYCHOLOGY: A COGNITIVE VIEW. By Davm P. 
AusunEL, New York: Holt, Rinehart and Winston, 1968. Pp. xviii, 685. $8.95. 


“If I had to reduce all of educational psychology: to just one principle, 
I would say this: The most important single factor influencing learning is 
what the learner already knows. Ascertain this and teach him according" 
(p. vi). This, Ausubel's pre-introductory statement, is a challenging attempt 
io muster up sentiment, and at the same time it gives us a glimmer of the 
author's thinking. His text represents a significant contribution to the field. 
Evidence is presented with clarity, which should help the reader go beyond 
the statement just quoted; the book offers its reader substantive knowledge 
and yet leaves enough unsaid to generate question. Ausubel presents a well- 
documented and well-written account of a select number of important is- 
sues in educational psychology—an account which, one hopes, will help 
to uplift the level of instruction in educational psychology. Though rela- 
tively simply written, the text contains many complex ideas and appears 
aimed at the advanced student; because of this, it may not find its way into 
the hands of the great number of potential teachers who could benefit from 
its contents. 

An overview of the text can be gleaned from the section headings: “Intro- 
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duction," “Meaning and Meaningful Learning," “Cognitive Factors in Leam- 
ing,” “Affective and Social Factors in Learning,” “Discovery Learning” 
(which includes excellent chapters on acquisition of concepts and on problem 
solving), and lastly, “Evaluation and Measurement.” Hopefully a revision 
will strengthen this last section, which is of increased importance in light 
of Ausubel's initial statement. 

To potential readers I suggest the scanning of two additional reviews of 
the text: W. R. Dixon's “Educational Psychology Texts: Two new models" 
(Contemp. Psychol., 14, 1969, 421-423) and R. M. Gagne's (Amer. educ. Res. J. 
6, 1969, 287-290). To any daring professor I suggest that a simple publishable 
experiment to test the efficacy of the “advanced organizers” Ausubel displays 
at the beginning of each chapter might help answer the query “Educational 
psychology: a cognitive view?” 


Hamot» Coox, Teachers College, Columbia University 


PARAPSYCHOLOGY TODAY. Edited by J. B. Rune and Rosert BRIER. 
New York: The Citadel Press, 1968. Pp. 286. $6.00. 


lt is likely that most psychologists who encounter this book will dismiss 
it as unimportant. If one considers only the empirical findings reported in 
this volume, there is considerable justification for such a response. All the 
problems that for decades have plagued psychical research are here in 
abundance: inadequate controls, obvious possibilities for experimenter bias, 
and unconvincing techniques for assessing psychic phenomena. These prob- 
Lana have been described in detail by others and need not be elaborated 

ere, 

Not only have these problems been discussed elsewhere, but at this parti- 
cular point in history they may be irrelevant. As Cyril Burt notes in his 
contribution to the book, to accept at face value such phenomena as clair- 
Voyance, precognition, telepathy, and so forth requires a reversal of several 
assumptions regarding the nature of causality and the materialistic foundation 
of mental processes. These assumptions comprise a major aspect of the world 
view held by most psychologists, and are shared by the other social and 
natural sciences, Although Burt discusses these assumptions in some detail, 
he does not carry the discussion to its inevitable conclusion, which is that 
to adopt the explanations of parapsychology brings one in conflict with 
several centuries of scientific accomplishment. In view of the enormous im- 
pact of these accomplishments on man's understanding and control of na- 
ture, it is unlikely that the assumptions on which they are based will be 
discarded on the strength of a handful of dubious counter-instances. 

The real value of the book lies in two sections devoted to the views 
parapsychologists have of their discipline and of themselves. Included, for 


example, are chapters on the relationship between parapsychology and other 
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flourishing, and it is not flourishing in isolation. Many diverse groups— 
ranging from hippie cults, to astrology devotees, to mystics of all persuasions— 
seem to share certain antimaterialistic beliefs with the parapsychologists. 
The overlap between the goals and beliefs of parapsychologists and others 
needs to be examined and understood, and it is from this perspective that 
these articles assume importance. The psychologist interested in studying 
social movements should not ignore parapsychology, nor should he ignore 
this book. 

Dav; A. Summers, University of Kansas 
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A TEST OF THE LIST-DIFFERENTIATIÓN HYPOTHESIS 


Epwry Martin and STEPHEN A. Mackay, 
University of Michigan, Ann Arbor 


Abstract. The idea that original and interpolated paired-associate learning 
in a negative transfer paradigm produce list-differentiated response sets was 
tested by cluster analyzing unstimulated, freely recalled responses. List- 
determined recall organization failed to occur both in immediate and in de- 
layed recall under the S:-R:, S:i-Re interference paradigm but did occur 
under the S,-R,, S-R, control paradigm. 

EMEN OUR Mia aL OS 


The essence of the list-differentiation hypothesis is that in a 
paired-associate situation, original Sı-Rı learning produces a per- 
missible response set (Ri), that interpolated S,-Re learning pro- 
duces {R2}, and that the exercise of (R4) produces a suppression 
of {R,} which is assumed to underlie the retroactive-interference 
phenomenon. As time elapses from the end of interpolated S;-Ra 
learning, the suppression of {Ri} dissipates to the point that Ri 
and Rs can both be recalled without mutual interference upon 
presentation of Sı. This dissipation of {Rx} suppression is posited 
to produce the sometimes-observed phenomenon of spontaneous 
recovery. 

The origin of the list-differentiation hypothesis is usually given 
to Thune and Underwood. They discussed the possibility of covert 
intrusion of Res in a subsequent test for what was learned in the 
S,-R, task as partly responsible for retroactive interference, as 
“suggested by [subjects] who report, ‘I thought of a response but 
I knew it was wrong, though I didn’t have time to think of the 
correct response. ”! Undoubtedly this is what led Underwood to 
postulate that “the amount and character of this interference is . . . 
a function of two hypothetical constructs or intervening variables: 
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[a] the associative strength of the IL [interpolated list] responses 
and [b] the degree of differentiation of the competing response 
systems."? Our immediate concern is with the second of these two 
factors. Differentiation was seen by Underwood as “ ‘knowing’ the 
appropriateness of a ‘thought-of response’ " (p. 25) and was assumed 
to vary inversely with delay of the test for what was learned in the 
original S,-R, learning. The idea is that at the end of interpolated 
S,-R4 learning the subjects ‘know’ that the Res are appropriate, 
and because the R,s are equally known to.be inappropriate, the 
R,s are not given; hence the retroactive-interference phenomenon. 

In 1960, Underwood and Schulz asked why overt R, intrusions 
during S,-R, learning were as infrequent as they are. They then 
restated Underwood's ‘appropriateness’ notion by concluding that 
“the evidence is overwhelming that a selective response mechanism 
exists."* They wrote: “The selector mechanism, itself unexplained, 
is assumed here as a fundamental behavioral law. . . . In the 
verbal-learning situation, the selector mechanism restricts the spew 
[emission] to those response units within the list” (p. 144). Thus 
original S,-R, learning produces the set {Ri}, and interpolated 
S;-R, learning produces {Ro}. 


unlearning.”* Postman elaborated thus: “(a) unlearning results: 
from. the operation of a mechanism of response selection under 
conditions of negative transfer and (b) this mechanism exerts it 
primary effect on the entire class of first-list responses rather than 
on specific stimulus-response associations" (p. 689). With regard 
to spontaneous recovery over time, Postman asserted that “the 
inertia which characterizes the selector mechanism is assumed 
be of limited duration, that is, the degree of dominance of the m 


2B. J. Underwood, The effect of successive intei i i 
e n PME rpolations on retroacti 
and proactive inhibition, Psychol. Monogr, 59, 1945, No. 3 (Whole No. 273) 


i wn Underwood and R. W. Schulz, Meaningfulness and Verbal Behavi 


*L. Postman, K. Stark, and J. Frase; in i e 
J. verb. Learn. verb. Behav., 7, 1968, 689 a. 
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recent criteria of selection diminishes over time" (p. 691). We may 
note here that Postman acknowledged as background the response- 
selector mechanism of Underwood and Schulz, and the notion of 
generalized response competition as proposed by Newton and 
Wickens.’ The latter is the idea that in transferring from one task 
to another, the subjects will persist for some time in their subjective 
set to emit those responses they have just been emitting. 

Thus according to the most recent version of the list-differentia- 
tion hypothesis, original Sı-R, learning produces the set {Ri} by 
action of a response-selector mechanism; interpolated Sı-Ra learn- 
ing likewise produces the set {R2}. Negative transfer is thus ascrib- 
able to list-differentiation learning, that is, to the process of dif- 
ferentiating (R4) and (Ra). This is implied by the assumption that 
the subjective set for (Ri) has an inertial characteristic (see nn. 
5, 4). That interpolated learning is assumed not to interfere with 
original S,-R, associations (see n. 4), together with the assumption 
that original and interpolated learning produce the permissible 
response sets {Ri} and (R2), means that at the end of interpolated 
learning there should be in memory a list-membership organization 
of all the responses experienced in the two successive tasks. This 
inference is independently supported by numerous reports of sub- 
jects’ ability to accurately identify the learning task from which 
a given response comes. 

It is well known that memorial organization as imposed by a 
variety of experimental and normative procedures has a strong and 
marked effect on the organization of output in recall? We have 
argued that a direct implication of the list-differentiation hypothesis 
is that responses are organized in memory according to list mem- 
bership. From these two considerations in conjunction, it follows 
that a cluster analysis of free, unstimulated recall of the responses 
of both lists should reveal above-chance list clustering. List organi- 


5J. M. Newton and D. D. Wickens, Retroactive inhibition as a function of 
the temporal position of interpolated learning, J. exp. Psychol., 51, 1956 
149-154. xt f 

5 Eg., I. M, Birnbaum, Long-term retention of first-list associations 1n the 
A-B, Ro RES J. verb. Learn. verb. Behav., 4, 1965, 515-520; R. J. 
Koppenaal, Time changes in the strengths of A-B, A-C lists, J. verb. Learn. 
The Wek. ML f clustering in the recall of ran. 

T Eg, W. A. Bousfie e occurrence of c 5 
domly arranged WE J. gen. Psychol, 49, 1953, 229-240; B. H. Cohen, 
Recall of categorized word lists, J. ezp. Psychol., 66, 1963, 227-234; G. Mandler, 
Organization and memory, in K. W. Spence and J. T. Spence (eds.), The 
Psychology of Learning and Motivation, 1967, 327-372. n 


$^ 


314 MARTIN AND MACKAY 


zation of recall should be sharply evident in immediate recall, but 
evident only weakly or not at all in delayed recall. 

It makes sense to include the S;-R;, Sz-R; control paradigm in 
a study where the responses are to be freely recalled after inter- 
polated learning. In the S;-R;, S.—Re paradigm, there is no basis for 
the alternative—clustering on the basis of common stimuli—to 
list-determined elustering. This means that the clustering measure 
of recall organization can be compared with other measures of 
retroaction as a function of the presence or absence of common 
stimuli. 


METHOD 


Each S learned to criterion two successive lists of nine letter-word pairs by 
the anticipation method. For half of the Ss, the two lists followed the Si-Ri, 
S-R. paradigm; for the other half, the S;-R;, SR paradigm. Then, either 
immediately or 30 min. later, they were asked to (free) recall, verbally, all of 
the responses (words). The stimuli were not present during response recall. 
Thus the design was a 2 x 2, completely between-subjects factorial for two 
transfer paradigms and two response-recall intervals. 


Subjects. Forty-eight women, students at the University of Michigan, 
were randomly assigned to the four conditions, with the single restriction that 
the number of Ss in one condition never exceed the number in any other 
condition by more than two at any time. The Ss volunteered for paid 
participation. 

Materials. Two nonoverlapping sets of nine letters were selected so that 
the members of each set spanned the alphabet and that no two letters in 
either Set formed an adjacent alphabetic sequence. These letters were the 
stimuli and were variously paired with sets of common words that served 
as responses, The lists of responses were drawn from two different pools, each 
consisting of 18 unrelated words (nouns, verbs). Each pool was partitioned 
into two sets, Ri and Ra in two different ways, yielding four different Ra, Ra 
combinations. As with the stimulus sets, the first letters of the words in each 
response list came from nonadjacent and scattered positions of the alphabet. 
Four different S-Ra, S-R, and four different Sı-Ra, Sj-Ra sequences of stim- 
ulus-response pairing assignments were constructed. Likely associations and 
other mnemonic possibilities between the stimuli (letters) and the responses 
(words) were carefully avoided, 


Procedure. Before both the original and the interpolated tasks, the Ss were 
given typical anticipation-method instructions to learn as quickly as possible 
to a criterion of once through correct, The Ss were also told the nature of the 
interpolated task before beginning it, The learning materials were presented 
on & Stowe memory drum at a 2:2-sec. rate with a 2-sec. intertrial 
interval. Following interpolated learning, the Ss whose recall was to 
be delayed for 30 min. were given a paper-and-pencil task in which they were 


to partition sentences into word groups according to self-selected subjective 
criteria of phrasing. At the time of recall, which followed either immediately 
after interpolated learning or after the 30-min. paper-and-pencil task, the Ss 
were instructed to recall all the words (responses) learned in the two paired- 
associate tasks, The instructions emphasized that the words should be re- 
called in whatever order they came to mind. Recall was verbal, and the Ss 
were told not to worry about repeating previously recalled words, There was 
no time limit on recall. After S completed his recall, he was asked to recall 
the words a second time. At no time in either recall attempt were the stimuli 
present. 


RESULTS 
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4 
Learning and transfer. Given both that two trials was the num- 
ber required by a few subjects to reach criterion on interpolated 
learning and that specific transfer effects are adequately charac- 
terizable by early-trials performance in the interpolated task, the 
learning and transfer results are represented by the number of 
errors committed (out of 18 possible per subject) on the first two 
anticipation trials of the two tasks. 

The mean number of Trial 1-2 errors in original learning was 
11.0 in the Sı-Rı, S:-Re paradigm; it was 12.2 in the S,-R;, S:-Re 
paradigm. The mean number of Trial 1-2 errors in interpolated 
learning was 11.5 and 9.3 for these two paradigms respectively. 
Each subject’s percent transfer from original to interpolated learn- 
ing was calculated. The mean transfer score in the S,-Ri, Si-Ra 
paradigm was —1.2; in the Si-Ra, S.-R» paradigm, 12.1. There was, 
thus, negative transfer in the former paradigm relative to the latter 
paradigm [£ (46) = 2.61, p < 02]. 


for the two transfer paradigms, is shown in Table I. In this repre- 
sentation, those responses that were recalled twice were counted 
only once. x 
Analysis of variance of the first-recall data yielded a significant 
delay effect [F (1, 44) — 3151, p « .001], a significant list 
(original, interpolated) effect [F (1, 44), = 4821, p < .001], and a 
Significant list-by-delay interaction [F (1,44) = 1122, p < .005]. 
The same analysis of the second-recall data yielded corresponding 
results [F (1, 44) = 4.86, p < 05; F (1, 44) = 35.94, p < .001; 
and F (1,44) = 3.99, 05 < p < 10]. All remaining Fs were less 


2 
Recall frequencies. The mean number of responses recalled from 
the two lists, original and interpolated, at each of the recall intervals 
1 
À than one. These results mean that the original Ris were less avail- 
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TABLE I 
Mean NuwBER or Responses RECALLED 


Original (Ri) Interpolated (Rs) 

Paradigm Immed. 30 min. Immed. 30 min, 
First recall 

S:-Ri, Si-R: 5.5 7.4 8.0 8.3 

Si-Ei, Si-R; 5.2 7.2 7.8 8.2 
Second recall 

Si-Ri, S:-R: 5.9 7.2 7.7 8.1 

S:-Ri, SR: 5.4 6.8 7.5 7.8 


Ras, and that the Rys recovered in availability over 30 min. More- 
over, this recall pattern was the same for the two paradigms. 
The sentence-partitioning task that filled the 30-min. delay inter- 
val pertained to another research project. In a post factum exami- 
nation of these sentences for words in common with words used as 
responses in original learning, we discovered five such words. Either 
none, one, or two of them appeared in List 1 according to the sub- 
ject’s list assignment. They accounted for 19% of all possible recalls 
in each of the four conditions. In actual recall, they accounted for 
18% of the 30-min. first recalls both in the Sı-Rı, S;-R» paradigm 
and in SR, S;-R» paradigm. The corresponding observed per- 
centages in immediate first recall, which was not preceded by sen- 
tence partitioning, were 2195 and 16%. Thus sentence partitioning: 


was not in itself responsible for spontaneous recovery of the orig- 
inal Ris. 


Recall order. After deleting the second occurrence of those re- 
T recalled twice, each response recalled was assigned a rank 
Order according to its output position. Then the mean output posi- 


then subtracted from the former, thus giving, for each subject, & 
mean difference in recall position for original and interpolate 
responses. The means of these differences are posted in Table 
where the value 3.1, for example, means that on the average in 


polated responses preceded original responses by 3.1 serial positio! 
in recall. 
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TABLE II 


Mean RANK-ORDER DIFFERENCE BETWEEN ORIGINAL AND INTERPOLATED 
Responses IN RECALL 


ESE 


Paradigm Immed. 30 min. 
First recall 

S;-Ri, Si-Re 3.1 -.2 

S.-Ri, 8:-Re 3.7 1.5 
Second recall 

S;-Ri, Si-R: 3 -1.1 

S.-Ri, Sz- Ra -1.4 -.8 


—————————————— 


Analysis of variance of the first-recall data indieated that the 
only significant effect, on recall order was due to the delay interval 
[F (1, 44) = 7.18, p « .02]. Transfer paradigm did not affect re- 
call order, The same analysis of the second-recall data yielded no 
effects traceable either to delay or to transfer paradigm. Thus only 
in immediate first recall were original and interpolated responses 
different in recall order, with interpolated responses preceding orig- 
inal responses by approximately 3.4 serial positions on the average. 
This difference in output order in immediate first recall disappeared 
completely in the second recall. 


Recall clustering. If a given subject recalls m, original responses 
and ms interpolated responses, then it follows from combinatorial 
analysis? that the expected number of adjacencies of recalls from 
the same list is given by 


m? t m? 

E(R) = a TEA 13 

Using this formula, we calculated E(R) for each subject. Observed 
R was then determined for each subject by counting the actual 
number of times two responses from the same list were adjacent. 
In making this analysis, responses that were repeated in recall were 
retained. To inelude repeated recalls makes sense in that we are 
interested in the organization of recall, not the isolated occurrence 
or reoccurrence of individual responses. 

If we let n = m + ma, and let 


F, = Y mm, = 1) 


isl 


* Eg, F. N. David and D. E. Barton, Combinatorial Chance, 1962, Ch. 8. 
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and 
2 
F- >; mm, — 1)(m, — 2), 
i=l 
then 


OAR k o2, 
Var (R) = n(n — 1) a — 1) er — 1) 


Thus for each subject we can calculate 


.,R- E) 
vVar (R) ' 


a sort of individual standardized score where E(r) is zero. Note 
that r can be negative if a subject clusters less than expected. 

In Table III, on the left, is shown the mean r for list-membership 
clustering for each of the various experimental conditions. For 
immediate first recall in the experimental S;-R;, S;-R4 paradigm, 
mean r was .50, which does not differ from zero [t (11) = 82, p > 
40]. This means that in immediate recall there was no clustering 
evidence for list organization of the R; and Rə responses. The dif- 
ference (.50 — .16 = .34) over the 30-min. delay was also not 
significant [t (22) = 42, p > .60]. In the S,-Ri, Sz-R2 control 
paradigm, however, immediate first recall yielded significant list- 
determined clustering [£ (11) = 3.74, p < .01], but again the dif- 
ference (1.33 — 1.16 = .17) over the 30-min. delay was not sig- 
nificant [t (22) = 31, p > .70]. 

Analysis of variance of the individual r values that contributed 


TABLE III 


STANDARDIZED SCORE (r) ror List AND STIMULUS 
CLUSTERING IN RECALL 


PE ———M——M PG 


List r Stimulus r 
Paradigm Immed. 30 min. Immed. 30min - 
iB eee mn ee eee 
First recall i 
Sı-Rı, S:-R: .50 .16 1.18 2.92 — 
Si-Ri, $z-R; 1.16 1.33 


Second recall 
S,-Ri, Si-Rs .58 ^ —.06 2.14 3.97 
Si- Ri, Sz- R2 .44 
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to the four means in the upper left quadrant of Table III indicated 
a marginal inference for a paradigm effect [F (1, 44) = 3.50, .05 < 
p < .10]. For the delay-of-recall variable and its interaction with 
the paradigm factor, both Fs were less than one. With regard to 
second recall (lower left quadrant of Table III), the list r means 
differed neither from zero nor among themselves. 

The recall protocols of the S;-R:, S:-Re paradigm ean be analyzed 
a second time using common stimuli as the criterion for clustering. 
In this analysis, we have 


m+ mie +m! a 
= " 


E(R) — 


where k is the number of different stimuli (Sis) for which either 
the original or the interpolated response was recalled, m, is either 
one or two according to whether one or both responses were re- 
called, and n is the total number of responses recalled. Thus each 
subject has his own E(R), and it is different from his E(R) in the 
list-determined cluster analysis. The values for Var (R) also differ; 
in this analysis the summations run to k (instead of 2), Fz is 2r 
where z is the number of stimuli for which both responses were 
recalled, and Fs is zero. As before, a standardized score, 7, was 
calculated for each subject. 

The resulting mean r values are shown on the right in Table III. 
The 1.13 mean r value for immediate first recall in the Sı-Rı, 
S,-R; paradigm was not reliably different from zero [t (11) = 1.56, 
p > .10]. However, for 30-min. first recall, stimulus-determined 
clustering was different from zero [£ (11) =3.01,p < .02]. For both 
immediate and 30-min. recall, the second-recall mean r values 
differed from zero [t (11) = 3.96 and 3.31 respectively, p < .01]. 


DISCUSSION 


The principal result is that the succession of original and inter- 
polated learning did not produce list-determined organization of 
unstimulated response recall in the S:-Ri, Si-Re interference 
paradigm, However, before concluding that this result denies the 
list-differentiation hypothesis in its present form, the prior creden- 
tials for this result must be stated. First of all, transfer in the inter- 
ference paradigm was negative relative to the control paradigm. 
Second, retroactive interference was observed. It is well known that 
in a rest control condition where the interpolated task is omitted, 
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general forgetting of the original responses is minuscule;? yet in the 
present experiment, only 5.5 original responses out of 9 possible 
were recalled in the first immediate test. Third, there was absolute 
spontaneous recovery. In the first recall, original response output 
increased from 5.5 to 7.4 out of 9 over the 30-min. recall interval. 
Fourth, in the first immediate recall, the interpolated responses 
were highly available, 8.0 out of 9, and preceded the original re- 
sponses in recall by 3.1 serial positions on the average. But in the 
first 30-min. recall, the interpolated responses were only slightly 
more available than the original responses and did not precede them 
in output. These facts clearly indicate that the original Ras suf- 
fered substantial retroactive interference and that they recovered 
from this interference during the 30-min. delay. Nevertheless, the 
amount of list-determined clustering was not distinguishable from 
that expected by chance alone at either recall interval. 

That significant list clustering occurred under the Sı-Rı, S;-Ra 
paradigm argues that the test procedure itself was not responsible 
for the absence of list clustering under the S,-R;, S;-R» paradigm. 
A further datum against the current form of the list-differentiation 
hypothesis is the fact that even though in the S,-R;, Se-Re 
paradigm there was R; unavailability in immediate recall? and 
recovery from unavailability over 30 min., there was no correspond- 
ing change in the amount of list-determined clustering. 

The logical alternative to list clustering in the S,-R;, S:i-Re 
paradigm is clustering on the basis of common stimuli. We are not 
ina position to elaborate on this possibility because stimulus clus- 
tering did not differ significantly from chance in the first immediate 
recall (1.13 in Table III), and although stimulus clustering in the 
first 30-min. recall (2.92 in Table III) differed from chance, it did 
not differ significantly from that in the first immediate recall. More- 
over, while stimulus clustering exceeded list clustering in second 
recall [F (1, 22) = 803, p < .01], it did not in first recall [F (1, 
22) = 1.61, p > .20]. If any conclusion is to be drawn from this 
pattern of results, it might be that stimulus organization emerges 


°Eg., Postman, Stark, and Fraser (see n. 4 above); G. Keppel, D. M 

, ] 2 n. H . appen. Ae o 

Henschel, and B. Zavortink, Influence of nonspecific interference on response 
recall, J. ezp. Psychol., 81, 1969, 246-255. 

, 7° Keppel, Henschel, and Zavortink (n. 9), 249-253, have previously estab- 

lished that when the test for retroaction is free recall of the responses, there 


is as much R, unavailability in the i i &-Ri, 
db pereo S&-R,, S-R, paradigm as in the 
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upon the subject's being given a second chance to recall the responses. 

It is certainly the case that a subject who did organize his recall 
primarily on the basis of common stimuli would then be limited on 
how much stimulus clustering he could produce, and vice versa. 
Indeed, over the 12 subjects in the immediate-recall condition, the 
product-moment correlation between stimulus- and list-clustering 
scores in first recall was —.75 (p < .01). The corresponding corre- 
lation for the 30-min. first recall was —.87 (p < 01). This means 
there was a close trade-off between the two types of recall organiza- 
tion, which, together with the fact that the average subject does 
not list-cluster his responses in recall, implies that the list- 
differentiation hypothesis only occasionally describes the behavior 
of a partieular subject, and then an atypical one. 

It is, of course, possible to counter this conclusion by saying that 
list clustering in free recall is not something the formulators of the 
list-differentiation hypothesis had in mind. However, it is never- 
theless a valid implication of the hypothesis; hence denial of the 
implication should serve to sharpen the specifies of the hypothesis. 
Here is one possible modification. Responses are organized into sets 
according to the most salient feature of the experimental situation. 
In the S,-R,, S;-Rs control paradigm, the most salient feature is 
two distinct lists; hence list clustering occurs in first recall. But 
given that first recall has occurred, the task has changed so that 
in second recall list differentiation is no longer a salient feature. In 
the S,-R,, S:-Re interference paradigm, there are two salient fea- 
tures: list membership and common stimuli. At no time, however, 
is list membership the dominant feature for the typical subject; 
indeed, in 30-min. recall and in second recall at either delay, stim- 
ulus organization seems to dominate. 


ADAPTATION TO UNIOCULAR IMAGE MAGNIFICATION: 
MODIFICATION OF THE DISPARITY-DEPTH 
: RELATIONSHIP 


WinuiM EPSTEIN and CYNTHIA LaVerne MORGAN, 
University of Wisconsin, Madison 


Abstract. Experimental subjects were exposed to a meridional size lens 
for one hour. Measures of adaptation and aftereffect, showed significant adap- 
tive shifts. Control subjects, who were exposed to nondistorting plain glass 
for one hour, did not show shifts. The results are interpreted as a revalu- 
ation of the relationship between binocular disparity and perceived depth as a 
result of exposure to informational discrepancy. 


Experiments by Wallach et al. and Epstein have shown that 
durative exposure to informational discrepancy, involving binocu- 
lar disparity and the kinetic depth effect, leads to modification of 
the disparity-depth relationship.1 The present experiment investi- 
gated the modifiability of the disparity-depth relationship with a 
new procedure. 

A meridional size lens (MSL) before one eye magnifies the image 
in that eye along the meridian perpendicular to the axis of the 
lens. With the lens’s axis at 90° (vertical), the image is magnified 
in the horizontal meridian. Uniocular horizontal magnification 
changes the disparities between the images of the two eyes, causing 
highly predictable perceptual distortions. Ames has provided verbal 
and graphic descriptions of the perceptual effects.? One of these 
effects was measured in the present experiment. The frontal plane 


Received for publication December 29, 1969. This investigation was sup- 
p by research grant MH-16399-02 from the National Institute of Mental 
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1H. Wallach, M, E. Moore, and L. Davidson, Modification of stereoscopic 
oe she tee RES 76, 1963, 191-204; W. Epstein, Modification 
of the disparity-depth relationship as lt icting cues, 
this Jovanar, 81, 1968, 189-197. p as a result of exposure to conflicting 

2 A. Ames, Jr., Binoeular vision as affected by relations between uniocular 
gr patterns in commonplace environments, this JounNaL, 59, 1946, 
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appears to be rotated about a vertical axis through the fixation 
point. A surface in the objective frontal plane appears slanted, 
the side in front of the eye with the lens seeming farther away. 
This effect is well understood, and Ogle has derived an equation 
to predict the magnitude of apparent rotation when conflicting 
depth cues are absent? A number of investigators have reported 
good agreement between apparent slant and the predictions pro- 
vided by Ogle’s equations.* 

When a subject views a typical environmental setting with an 
MSL before one eye, he is exposed to informational discrepancy 
concerning the spatial arrangement of the environment. For exam- 
ple, disparity information indicates that the front wall is slanted 
back, while information provided by monocular depth cues plus 
everyday experience suggests that the wall is frontal-parallel. If a 
subject wears the lens continuously, will the informational dis- 
crepancy lead to a reevaluation of the disparity cue? An early 
study by Burian suggested that reevaluation may occur.’ Our ex- 
periment was designed to study this question in an improved ver- 
sion of the contemporary adaptation experiment.® 


METHOD 


Subjects. The Ss were 42 undergraduates with uncorrected vision. They 
were paid for serving in the experiment. 

Apparatus. Two pairs of melter’s goggles were used. The pair worn by the 
experimental Ss had a 5% MSL, axis 90°, in one frame and plain glass in the 
e control Ss had plain glass in both frames. 
The depth-discrimination apparatus used is described in detail by Ebenholtz 
and Walchli.7 Briefly, two fine electroluminescent vertical lines, separated 
laterally by 65 mm., are presented in total darkness. By turning a knob, E 
causes the two lines to move § 
the other receding by exactly the 


of the aperture ensure that the visible portions of both lines subtend the 
same, invariant visual angl 


3 K, Ogle, Researches in Binocular Vision, 1964. } 
*Ogle (see n. 3 above); B. Gilliam, Perception of slant when perspective 


and stereopsis conflict, J. exp. Psychol, 78, 1968, 299-305. — F 
5 M. Burian. Influence of prolonged wearing of meridional size lenses on 


spatial localization, Arch. Opthalmol., 30, 1943, 645-666. 
5 W, Epstein, Varieties of Perceptual Learning, 1967, Ch. 9. k 
15. M. Ebenholtz and R. M. Walchli, Stereoscopic thresholds as a function 
of head and object orientation, Vis. Res. 5, 1965, 455-456 fi. 
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When S's head is stationary and the room is dark, the discrimination of depth 
intervals between the lines depends exclusively on binocular disparity, In- 
formal tests restricting the observer to monocular vision supported this claim 
by showing that depth discrimination was not possible without binocular 
vision. 


Procedure. The typical design of the adaptation experiment was elaborated 
in three ways. First, direct measures of adaptation were secured, as well as 
measures of the aftereffect of adaptation. This was accomplished by obtain- 
ing measures of change with MSL on, as well as with MSL absent. Second, 
procedures were employed that prevented S from knowing whether he was 
looking through the distorting goggles (MSL) or the nondistorting goggles 
(plain glass) during the test. Third, a control condition was introduced, in 
which Ss followed the same procedure as experimental Ss, except that these 
control Ss wore plain glass goggles during the adaptation period. 

The S was seated with his head in a restraining device that prevented head 
movement. The S's head was frontal-parallel with the viewing aperture, his 
eye-level at the height of the midpoint of the aperture. The distance from 
the eyes to the equidistance position of the two test lines was 6 ft. The Ss 
Were assigned to experimental and control conditions in regular alternation. 
In the first stage of the procedure, three sets of four equidistance settings were 
Secured using the method of adjustment. First, four judgments were obtained 
with plain glass goggles. Two of the trials began with the right line more 
distant, and two trials with the left line more distant. Then eight judgments 
were obtained with the MSL, four with the lens in front of the right eye and 
four with the lens in front of the left eye. This procedure required two 
changes of goggles. The changes were accomplished while S's eyes were closed 
and without any indication by E about the nature of the glasses, After the 
last of the 12 preadaptation judgments, the MSL goggles were removed 
agam. They were replaced by plain glass goggles for the control Ss. For the 
experimental Ss the MSL goggles were used again, with the MSL in front 
of the right eye for half of the Ss and in front of the left eye for the other Ss. 

A one-hour exposure period followed. During this period all Ss walked 
the corridors and stairs of the Psychology Building. All Ss, control and ex- 
perimental, walked the same route and were asked the same questions about 
the Appearance of the scene, At 20-min. intervals S returned to the laboratory, 
where he provided four judgments of equidistance, wearing the MSL. Each 
experimental S had a matched control S who was tested with MSL in front 
of the same eye as his experimental partner. In order to equate the treat- 
ments of the control and experimental Ss, the goggles were removed and re- 
placed before and after each test for all Se. The third set of MSL judgments, 


after 60 min. of e » was followed immediately by four judgments with 
plain glass. 


RESULTS 


The results reported below are based on the data of 12 experi- 
mental and 12 control subjects. Another 18 Ss were rejected in the 
initial preadaptation stage of the experiment, for reasons of poor 
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stereoacuity. The rejected subjects complained of the difficulty of 
the task and exhibited highly variable performance. Their ‘plain- 
glass judgments' often varied over a range that included the values 
of the ideal MSL effect, and their ‘MSL judgments’ often were in- 
distinguishable from their plain-glass judgments. 


Preexposure plain-glass judgments. The preexposure equidistance 
settings were highly accurate. The mean error was .56 em. (SD = 
37) and .55 em. (SD = .46) for the experimental and control 
groups respectively. In the experimental group, six subjects set the 
left line a little forward, and six subjects set the right line forward. 
In the control group, eight subjects set the left line forward and 
four subjects the right line. 


Preexposure MSL judgments, The MSL produces an apparent 
rotation of the frontal plane. Therefore, when the two test lines 
are objectively equidistant they appear to be separated in depth, 
the line on the same side as the MSL appearing farther back. 
For the viewing distance of 6 ft. and an interpupillary distance of 
6.6 cm., Ogle’s equation predicts that a 5% MSL will produce an 
apparent separation of 9.1 em.§ Therefore, when a subject is in- 
structed to make an equidistance setting, he should move the line 
in front of the lens forward by 9.1 em. 1 

All 24 subjects made adjustments in the predicted direction. 
Table I shows the mean separation in depth when the two lines 
were judged to be equidistant. The uncorrected means are the 
means of the actual settings. The corrected means were derived by 
comparing each subject's MSL setting with his plain-glass setting. 
When the plain-glass setting exhibited a bias in the direction of the 
MSL effect, the MSL setting was corrected by subtracting the 
initial bias, When the plain-glass setting was in the opposite direc- 
tion, the MSL setting was corrected by adding the initial bias. The 
two sets of means differed very little. 

Analysis of variance of the corrected data showed only one sig- 
nificant effect. The MSL effect was greater when the lens was in 
front of the left eye [F (1, 22) = 452, p < .05]. This difference 
has been observed by earlier investigators,® but it remains unex- 
plained. The experimental and control groups did not differ signifi- 


*'The equation for predicting the apparent rotation of the frontal plane is 
tan 0 = [m-D/2m] - [y/a], where m is the percent lens magnification, y is 
the viewing distance, and a is the interpupillary distance. 

? See Ogle (n. 3). 
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TABLE I 


Mean Preexposure MSL Errect: SEPARATION IN DEPTH 


Mean of 
Left eye Right eye both eyes 
Group Uncorr. Corr. Uncorr. Corr. Uncorr. Corr. 
-e aaam 
Experimental 9.78 9.77 7.26 7.27 8.52 8.52 
Control 7.98 7.89 7.48 7.58 7.73 7.74 
Mean of both | 
groups 8.88 8.83 7.397 7.42 8.12 8.139 


Note: All measures in cm. 


cantly, nor was the interaction (of eye and experimental or control | 
groups) significant. | 


Postexposure MSL judgments. The MSL judgments following : 
exposure provide a direct measure of adaptation. If the significance 
of disparity has been reevaluated, the postexposure MSL effects 
should be smaller than the initial, preexposure MSL effects. In the 
case of full adaptation, the MSL judgments would not differ from 
the preexposure plain-glass judgments. 

Table II shows the mean MSL effects prior to the one-hour ex- 
posure period and at the three 20-min. postexposure intervals. The 
combined data for the two eyes show a drop of about 40% after 20 
min. of MSL exposure under the experimental condition. There was 
little change at 40 or 60 min. That this drop was due to MSL expo- - 
sure is shown by the data for the control subjects, who were 
treated the same except for the absence of the MSL. The control 
subjects’ combined postexposure MSL effects never differed by more 
than 6% from their preexposure effects. 

The difference between each subject’s pre- and postexposure MSL 
judgments was determined, and an ANOVA computed on the 
differences. Only the main effect of experimental treatment (experi- 
mental versus control) was significant [F (1/20) = 6.58, p € 
.025]. The mean differences were 3.29, 3.04, and 2.92 at the 20-, 40-, 
and 60-min. tests for the experimental group, and .07, 40, and 
10 at the 20-, 40-, and 60-min. tests for the control group. Thus. 
the experimental group exhibited significantly greater shifts in 
the adaptive direction than the control group. Six t tests were 
computed to determine whether the mean shifts differed signifi- 
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TABLE II 
Mean Pre- anp Postexposure MSL Errecrs 


d 


MSL 
Condition MSL eye preexposure 20 40 60 
Experimental Left 9.77 7.20 6.60 6.89 
Right 7.27 3.25 4.36 4.32 
Combined mean 8.52 5.93 5.48 5.60 
Control Left 7.89 7.79 7.92 8.51 
Right 7.58 7.75 6.76 6.77 
Combined mean 7.74 7.77 7.34 7.04 


Note: All measures in em. 


cantly from zero. All three experimental group means were signifi- 
cantly greater than zero (02 < p > .002). None of the control 
means differed from zero. Thus, the experimental subjects exhibited 
a significant adaptive shift; the control subjects did not. 


Postexposure plain-glass judgments. The postexposure plain-glass 
judgments measure the aftereffect of adaptation. The rule of 
thumb for predicting the aftereffect is that when the MSL is re- 
moved, a subject will judge two lines to be equidistant when the 
lines are set to produce the same disparity that was produced by 
the MSL. The aftereffect will thus be a deviation of judgment of 
equidistance from true equidistance, with the line on the same side 
occupied formerly by the MSL set farther back. 

Each subject’s aftereffect was expressed as a difference between 
his pre- and postexposure plain-glass judgment. Shifts in the direc- 
tion of the predicted aftereffect were assigned a positive sign and 
shifts in the opposite direction were assigned a negative sign. The 
algebraic mean shift was 3.17 em. (SD = 1.68) for the experimental 
group and —.005 cm. (SD = .80) for the control group. The 
difference was highly significant [t (22) = 7.12, p < 022]. All 
12 subjects in the experimental group showed positive aftereffects ; 
7 control subjects gave small positive shifts and 5 gave small nega- 
tive shifts. 

Another index of the magnitude of the aftereffect is provided by 
expressing the obtained shift as a proportion of complete adapta- 
tion (i.e., of full compensation for the MSL effect). The MSL effect 
can be specified in two ways: (a) the subject’s preexposure MSL 
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effect, or (b) the ideal geometric effect predicted by Ogle's equation. 
Table III shows the percent aftereffect computed in these two 
ways. The control group showed no aftereffect, while the magnitude 
of the aftereffect for the experimental condition was about 37% of 
full adaptation. 


Correlation between adaptation and aftereffect. The final set of 
eight judgments was used to assess the rank-order correlation 
between the direct, measure of adptation (MSL on) and the after- 
effect measure (plain glass). The Spearman r, correlation was not 
significant, (r, — 21). Unfortunately, although these two measures 
were temporally contiguous, they were always secured in the same 
order, MSL judgments preceding plain-glass judgments. 


TABLE III 


PERCENT AFTEREFFECT 


D M 


% of preexposure MSL % of geometric MSL 
effect effect 
2-2. Ce D KE NN 
Eye Eye 
ES ive Combined ——— — Combined 
Condition Left Right mean Left Right mean 
Experimental 31.22 47.42 39.32 35.27 34.43 34.85 
Control -1.45 2.88 72  C-160 1.50 —.05 
DISCUSSION 


The experiment was designed to show that durative exposure to 
conflicting information leads to modification of the disparity-depth 
relationship. The expected modification was presumed to reflect a 
reevaluation of binocular disparity as a result of exposure to dis- 
crepancy. Evidence for the reevaluation was found in the predicted 
postexposure shifts that were observed in the adaptation and 
aftereffect measures, The fact that these shifts were observed under 
testing conditions that eliminated competing depth cues shows that 
the shifts did not simply reflect Ongoing suppression of disparity in 
favor of other cues, Instead, the shifts seemed to be due to 
recalibration of the relationship between disparity and perceived 
depth. The results cannot be attributed to deliberate correction. In 
the case of the adaptation measure, the subject could not know 
that the MSL was present, And in the case of the aftereffect, de- 
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liberate correction would not lead to shifts. Nor could the shifts be 
due to uncontrolled factors associated with the exposure period. 
The control subjects who received the same treatment except for 
omission of the MSL did not exhibit adaptive shifts. 

It should be noted that our interpretation differs from the one 
that Burian and Ogle favor as an account of Burian's data (n. 5). 
These authors attribute Burian's data to temporary domination 
by monocular depth eues. As support for this interpretation, Ogle 
offers the observation that the stereoscopic depth effects due to the 
MSL reappear under testing conditions that are free of monocular 
cues.° However, our findings show that the occurrence of adaptive 
shifts is not limited to conditions that provide competing cues. 
Parenthetically, although it has been overlooked by Ogle and also 
by Burian, there is evidence in Burian’s own data that an adaptive 
shift can be observed under testing situations that provide little 
monocular depth information.” 

The nature of the reevaluation process cannot be settled by 
this experiment. The following explanation is offered as a tentative 
hypothesis. When binocular disparity is paired with a competing set 
of monocular cues a conflict is introduced. The conflict is resolved 
initially by suppression of the information provided by disparity.” 
Suppression commences almost at once, as evidenced by the fact 
that even at the outset of MSL exposure, the subject does not report 
full MSL effects if the visual field contains the normal complement 
of monocular cues. The suppression process sets the stage for the 
reevaluation of disparity. The reevaluation is assumed to be an as- 
sociative process, proceeding along lines similar to the develop- 
ment of stimulus equivalence. That is, by pairing disparity with 
dominant monocular cues, disparity becomes equivalent to the monoc- 
ular cues as a stimulus for depth. Experiments are under way to 
examine this hypothesis by investigating the retention of the 
new depth-disparity relationship as a function of various inter- 
polated activities that provide different opportunities for unlearning 
the new relationship or relearning the old one. 


19 K, N. Ogle, Special topics in binocular spatial localization, in H. Davson 


(ed.), The Eye, Vol. 4, 1962. ae: 
n Burien tá 5; see his Figure 5 on p. 652 and his discussion on pp. 


: * . p * + . We 
12 The term ‘suppression’ is being used in a purely descriptive sense. 
do not intend io eivai any of the specific theoretical connotations a 
the term may have in the vision literature (eg. in analyses of binocular 
rivalry or strabismic amblyopia). 


SOME FACTORS DETERMINING 
EFFICIENCY OF SELECTIVE ATTENTION 


Cartes W. EnrksEN and Jonn W. ROHRBAUGH, 
University of Illinois at Urbana-Champaign 


Abstract. Studies of visual memory have used a technique whereby a 
brief presentation of a display is followed some milliseconds later by a probe 
designating the position that had been occupied by an element of the display. 
While the major interest has been in the decreasing accuracy of reporting the 
element as the indicator is increasingly delayed, an equally important prob- 
lem is the ability of these indicators to selectively determine attention in a 
matter of milliseconds. The present experiments determined the efficiency 
of selective attention as a function of the number of elements in the display 
and the physical spacing between adjacent elements. The results are inter- 
preted in terms of an attentional focusing process. 
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The technique introduced by Averbach and Coriell for studying 
visual information or iconic storage has proven quite fruitful! Es- 
sentially it consists of presenting simultaneously an overload of 
letters or numbers in a brief tachistoscopie exposure and then sub- 
sequently presenting a probe, or indicator, that designates one ele- 
ment or subset of elements about which the subject is to report. 
Even though a large number of letters may be simultaneously 
presented, if the probe occurs within 100-200 msec. following the 
display the subject can report with high accuracy the designated 
letter. The generally accepted interpretation of this result is that 
while the display as a whole may greatly exceed the subject's 
capacity to process, he can—if the probe occurs before the icon of 
the display has decayed beyond intelligibility—use his available 
processing capacity to selectively process the designated element or 
subset of elements, 


While the technique has been used primarily to study character- 
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istics of iconic storage and decay, it also offers a method for study- 
ing selective attention. The process by which one of a number of 
equally potent stimuli is selected and processed and the others 
ignored would appear to be the essence of a concept of attentional 
selectivity. That the selection process is not instantaneous has been 
shown by Averbach and Coriell (n. 1). They employed a backward- 
masking procedure and obtained estimates of over 200 msec. for 
the relevant item to be selected from the display. Similar durations 
of the selectivity process have been obtained by Eriksen and Collins, 
using a somewhat different procedure.? 

While it seems well established that selective attention requires a 
finite period of time, little is known about other variables that may 
affect efficiency (time or accuracy). Previous results have shown 
that the efficiency is dependent on the number of elements in the 
display from which the relevant item is to be selected? However, 
the number of display elements is typically confounded with the 
spacing between elements. As the number of elements increases, 
their proximity to each other also increases, which could act to re- 
duce the legibility of each of the elements irrespective of char- 
acteristics of the selective process. In Experiment I the efficiency of 
selective attention was studied as a funetion of the number of 
elements in a display for which the spacing between adjacent ele- 


ments was controlled. 


EXPERIMENT I 


Method 


Subjects. Six students at the University of Illinois (women) served as 
paid Ss, All had normal or corrected-to-normal vision. 

Apparatus and stimuli. A three-field Scientific Prototype Model GA 
tachistoscope equipped with Sylvania F4T5/CWX bulbs was used. All three 
fields were equated to 10-mL. luminance. A small black cross was exposed in 
Field I, the adaptation field, which remained illuminated at all times except 
when the stimulus and the probe were presented in Fields II and III. 


2 C. W. Eriksen and J. F. Collins, The temporal course of selective atten- 
tion, J. exp. Psychol., 80, 1969, 254-261. 

30, W. Eriksen and J. Rohrbaugh, 
plays, J. exp. Psychol., 83, 1970, 147-154. 

4J, F, Collins, Correlations in sensitivi 


Visual masking in multielement dis- 


1963, 1026-1032. 
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. Stimulus displays were constructed by mounting the four capital letter 
A, T, V, and H on white plastic cards. The letters were Paratipe No. 1181 
pressure letters, each subtending .2° of visual angle. Since three differe 
levels of letter saturation were studied, each of the stimulus-display card 
contained either 4, 8, or 12 letters. The arrangement of these different lette 
saturations on the display depended on the display condition. Both display 
conditions, distributed and grouped, consisted of an imaginary circle 22° Ø 
visual angle in diameter centered on the fixation cross. For the distributed 
displays, the 4-letter saturation presented a letter in the positions corresponde 
ing to 2, 4, 8, and 10 o'clock. For the 8-letter saturation, letters occurred a 
the positions corresponding to 12, 3, 6, and 9 o'clock, and the other four letters 
were distributed midway between these four points. For the 12-letter satu 
tion, a letter occurred at each of the 12 clock positions. 
The grouped-display condition was employed to control for the spacing 
between adjacent letters as the saturation varied. At each letter satura 
the letters presented always occupied adjacent clock positions. In order 
maintain stimulus materials at a manageable number, not all possible arra 
ments of 4- and Sletter displays were employed in the grouped conditio 
Instead, for the 4-letter saturation, the letters occurred in either.the 
tions 12, 1, 2, and 3 o'clock; 3, 4, 5, and 6 o'clock; 6, 7, 8, and 9 o'clock; 
9, 10, 11, and 12 o'clock. For the 8-letter saturation, the arrangements ch 
were such that the gap in the arc of stimuli was equally often between 
and 3 o'clock, 3 and 6 o'clock, 6 and 9 o'clock, and 9 and 12 o'clock. For bo 
distributed and grouped displays, the 12-letter saturation was identical, wi 
the letters occurring in each of the 12 clock positions and thus equally spaced. 
For the distributed displays, there were 12 stimulus cards for each of the 
three saturation levels. The letters were arranged in different random orders” 
on each card, with the constraint that each of the four letters occupy each 
position equally often for each set of 12 cards. For the grouped displays, & 


When the probe preceded or followed the display, it was presented it 
Field III of the tachistoscope and consisted of a black bar subtending .5* 
1 of angle and located within the circular display so as to constitute 
partial radius of the circle pointing to the letter that was being designated. 
The proximal end of the bar was separated from the target letter by 4% 
This probe was presented either 100 msec. before, simultaneously with 
or 50 msec, following the display. For simultaneous display-and-probe 
presentation, a transparent plastic card containing the probe was inserte¢ 
in front of the display in Field II. When presented before or after th 
display, the transparent plastic card was placed in front of a blank whit 
stimulus card in Field III and a transparent plastic card without a probe 
inserted over the stimulus display. Under all conditions the viewing field as 
observed by S was circular, subtending 3.56° of visual angle. 


Procedure. Prior to the experimental sessions, all Ss participated in fiv 
practice sessions. During these sessions an exposure duration was established 
for each S, that yielded approximately 60% identification accuracy on tl 


SELECTIVE ATTENTION 333 


distributed display with a saturation of 12 letters and simultaneous presenta- 
tion of the probe. Once established, this duration was then used for that 8 
as the display-exposure duration and probe-exposure duration in all condi- 
tions of the experiment. Following practice each S participated in 12 experi- 
mental sessions, 6 under each of the two display conditions. Within each 
session 12 judgments were obtained for each of the saturation levels under 
three interstimulus interval (ISI) values; the probe was presented and termi- 
nated 100 msec. prior to display onset, the probe was simultaneous with 
display onset, or the probe followed offset of the display by 50 msec. The pres- 
entation order of ISIs and saturation combinations was balanced across ses- 
sions and Ss, as were the display conditions. Under each experimental condi- 
tion, each of the 4 letters was indicated in each position an equal number of 
times throughout the experiment. The order of trials was randomized by 
shuffling a set of 12 stimulus cards for each block of 12 trials. The average 
exposure duration of the stimulus displays and the probe across Ss was 103 
msec., with a range from 7 to 14 msec. 

Before each trial Ss were instructed to fixate the cross and, when it ap- 
peared in good focus, to trigger stimulus onset by operating a hand switch. 
They were required to specify on each trial which of the four letters had 
been indicated by the bar probe. Each experimental session was preceded by 
.& period of light-adaptation and 12 warm-up trials with the 12-item display 
and simultaneous presentation of the probe. 


Results 


In Figure 1 percent correct identifications of the letter indicated 
by the probe are shown for the distributed and grouped displays 
for the three different letter saturations. The results are shown as a 
function of the ISI between probe and display. For the grouped 
condition, the data have been omitted for those trials when the 
probe designated the letter in an end position of the group. Since 
these end letters have a close adjacent letter on only one side, inclu- 
sion of the trials where they were the target letter would tend to 
obscure the effects of close spacing of adjacent letters.* 

One of the more prominent effects shown in Figure 1 is that for 
letter saturation. For both the distributed and the grouped dis- 
plays, performance was superior for the 4-letter saturation and 
became progressively worse as the saturation increased to 8 and to 
12 letters [F (2, 10) = 183, p < .01]. The effect of spacing 


i de 
5 Averaged through ISIs and saturation, the mean number of errors ma 
when the end-position letters were probed was 27%, as opposed to & end 
of 34% for inner-position letters. However, an analysis of variance (condi- 
tions, ISIs, and subjects) that included the end-position letters in the mw 
condition yielded the same significant effects as were obtained when these 
data were omitted. 
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Fic. 1. Percent correct target identifications as a function of ISI, display 
saturation, and grouped versus spaced conditions 


between adjacent letters was also apparent. For both 4-letter and 
8-letter saturations, performance was better on the distributed dis- 
play than on the grouped display [F (1, 5) = 7.7, p « .05]. Since 
the stimulus conditions were identical for the 12-letter saturation of 
both the distributed and grouped displays, no differences would be 
anticipated here except for sampling variability. 

The effect of ISI between probe and display [F (2, 10) = 27.3, 
P < .01] is consistent with the previous findings of Eriksen and 
Collins (n. 2). It apparently reflects the processing time required 
to apprehend the probe and direct attention to the relevant 
item in the display, during which time decay of the display icon 
is occurring. That the effect of ISI was uniform for both display 
conditions and all three saturation levels is indicated by the lack of 
significant interactions of ISI with these two variables. 

There is the possibility that the effect of letter saturation may in 
part have been artifactual, particularly for the 4-letter saturation 
on the distributed display. In order to keep the number of displays 
at a manageable number, the letters under this condition occurred 
only in positions corresponding approximately to 2, 4, 8, and 10 


C 
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o'clock. If these positions in the visual field were superior to the 
other eight clock positions, performance for the 4-letter displays, 
and to a certain extent for the 8-letter displays, might be artificially 
high. 

To evaluate this possibility, the data were rescored for the 8- 
letter and 12-letter saturations for both distributed and grouped 
conditions, employing only the data obtained when the probe des- 
ignated a letter that corresponded to the 2, 4, 8, or 10 o'clock 
position. As ean be seen in Table I, this reanalysis had little effect 


TABLE I 


Mean Percent Correct TARGET IDENTIFICATIONS AS A FuNcTION OF 
CONDITIONS AND LOCATION OF TARGETS IN THE DisPLAY 


Letter saturation 
ps sito 
Location and condition 4 8 12 
All positions 

Distributed 73 69 61 
Grouped 68 64 62 

2, 4, 8, and 10 o'clock positions 
Distributed 73 71 63 
Grouped 68 64 62 


ee 


on the previous conclusion as to the saturation effect. Here mean 
percent correct identifications are shown for all three letter satura- 
tions when all target positions were scored, as opposed to only 
targets in positions corresponding to 2, 4, 8, and 10 o'clock. The data 
in the table are broken down further by the distributed and 
grouped conditions. 

The sources of errors in identifying the target letter were ex- 
amined further by determining the extent to which subjects tended 
to confuse the probed letter with an immediately adjacent letter. 
Periodic checks throughout the experiment assured that the sub- 
jects could always report correctly the clock position that was 
probed, Nonetheless they could have been uncertain as to which of 
several letters occupied that position. If they were confusing an 
adjacent letter with the target, then it would be anticipated that 
their responses would match letters immediately adjacent to the 
target more often than chance would require. 

The data for the 8-letter saturations in the distributed and 
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grouped conditions were analyzed for the frequency with which the 
subjects’ responses would have been correct for the letter in the ad- 
jacent positions on each side of the probed letter. Chance ex- 
pectaney was determined by the formula 


C = P(T = A) + (1 — PY(T = A) 1/3, 

where C equals chance expectancy, P is percent correct, identifica- 
tions, (T = A) is the number of occasions in the set of stimuli where 
target and immediately adjacent letters were the same, and (T 
7^ A) is the number of occasions in the set of stimuli where the 
target and immediately adjacent letter were not the same. 

For both distributed and grouped conditions, the frequency with 
which the subjects’ responses matched the immediately adjacent 
letter was significantly greater than chance expectancy (p < .01) 
when evaluated via a binomial test. In Figure 2 the percent differ- 
ence over chance expectancy by which responses matched the im- 
mediately adjacent letter is shown for the distributed and grouped 
conditions as a function of the ISI between probe and display. The 
effect was greater for the grouped condition but not significantly so 
(F < 1). The ISI variable, however, was significant [F (2, 10) = 
4.54, p < .05]. For both conditions there was little tendency to re- 
port an immediately adjacent letter if the probe occurred and ter- 
minated 100 msec. before the display was presented. However, if 
the probe occurred with the display, the number of confusions of 
target letter with adjacent letters increased, and the number of such 
confusions became even greater when the probe was delayed 50 
msec. after display termination. 

The possibility that the ISI effect shown in Figure 2 was in part 
a function of a ‘ceiling effect’ needs to be considered, since fewer 
errors were made at 100 msec. before ISI than at 50 msec. after. 
It seems unlikely that a ceiling effect would affect the data, since 
even at the before-ISI value, errors were over 2595. Nevertheless, 
the frequency with which the subjects' responses matched the letter 
two positions removed from the target was determined. Any ceiling 
effect should affect this measure in the same way that it would 
affect the measure for the immediately adjacent letter. That a ceiling 
effect is not sufficient to account for the ISI result in Figure 2 is 
shown by the finding that matches between the subjects’ responses 
and the letter two positions removed were .8%, .7%, and .6% below 
chance expectancy for the three ISI values. A t test on the data ob- 
tained at 50 msec. after ISI, between the immediately adjacent 
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Fic. 2. Percentage by which responses matched the immediately adjacent 
letter, corrected for chance expectancy, aS à function of ISI and conditions 


and two-stimuli-removed positions, was significant at the .05 level 
on a one-tailed test. 


Discussion 


The ability of a subject to report the probed element in a briefly 
presented multielement display is a function of both the number 
of elements in the display and their spatial proximity. The spatial- 
proximity effect may be independent of a selective attention pro- 
cess, The close spacing of adjacent letters might impair the legi- 
bility of the target letter much in the manner that visual masking 
occurs through contour inhibition or interference. Flom, Weymouth, 
and Kahneman (n. 4) have shown that the ability to detect the 
location of the eritical detail in a Landolt C is impaired if black 
bars are located within about 14° of arc on each of the four sides 
of the C. If such an effect were operating in the present experiment, 
it would reduce the legibility of the letters independent of any selec- 
tive attentional process. However, the closest spacing between let- 
ters was nearly 14° of angle, beyond the effective range found by 
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Flom et al., and a much greater distance than employed in visual- 
masking studies. 

One way in which spatial proximity could affect an attention 
process would be if selectivity required time for spatial precision. 
Prior researeh has shown (see n. 1) that selective attention can 
require 200-300 msec. Further, Eriksen and Collins (n. 2) have 
found that during this time the icon is decreasing in clarity or 
legibility. Let us assume that attention is somewhat analogous to 
a variable-power lens. At low power settings, a large field of view is 
obtained, but with little detail or information about the individual 
elements in the field. As the power of the lens is increased, the 
field narrows, but with a large increase in the detail that can be 
resolved about the elements still remaining in the field. If the 
analogy is carried further and selective attention is compared to a 
focusing of the lens, and if it is assumed that this focusing process 
requires time, then the effect of spatial proximity between letters in 
the display could be interpreted in the following manner. 

Attentional focus is at a low power setting with a wide field of 
view until the probe is presented. When the probe occurs, the at- 
tentional system begins to focus on the probed location, but during 
the time the focusing is occurring, the icon of the display is decaying. 
If there is insufficient time—before the display decays beyond in- 
telligibility—for attentional focus to reduce the field to encompass 
only the probed element, two or more letters may still be in the 
attentional field. This could lead to confusion as to which of these 
letters was the probed element. Accuracy in identifying these several 
alternatives could also be expected to be less, since the power of the 
attentional field has not had time to increase to a maximum resolu- 
tion. This lack of sufficient time for complete attentional focusing 
would thus result in errors from two sources: confusion as to which 
of several elements was the probed one, and less resolution oF 
identification accuracy for the elements remaining in the atten- 
tional field. 

The data in Figure 2 are commensurate with such a model. These 
data indicate that confusions did occur with immediately adjacent 
letters, but more important, they also show that the tendency for 
these confusions increased with decreasing time for attentional fo- 
cusing. If the indicator preceded and terminated 100 msec. before 
the display, not only was performance in identifying the target letter 
better, but there was virtually no tendency to confuse an im- 
mediately adjacent letter with the target. When there was less 
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time for attentional focusing, as when the probe was simultaneous 
with the display or was delayed 50 msec. after it, adjacent-letter 
confusions became more frequent and identification accuracy of the 
target letter decreased. This result is consistent with our expecta- 
tions (outlined above) for the event that the attentional field did 
not have time to focus to the maximum before the display icon 
decayed. 

Letter saturation of the display was found to affect performance 
independently of spatial proximity between letters. The means by 
which the number of elements in a display affects the selective 
process is not clear, but there is evidence that information is pro- 
cessed at a number of different levels prior to specific identification.® 
It may be that all items in the attentional field are processed at 
least at some minimal level, which may amount to no more than a 
subject’s noting that ‘something’ was present in different spatial 
locations. Support for this possibility is found in the observation 
that our subjects could almost invariably report whether a given 
display had contained 4, 8, or 12 elements. They had obtained this 
information despite lack of instruction or set to do so. Also, it was 
not uncommon for them to report that they had identified one or two 
letters other than the probed letter in other parts of the field. This 
information processing, which was extraneous to the task, may have 
acted to delay the focusing of attention on the probed element or to 
utilize processing capacity that otherwise would have been available 
for the directed task. 


EXPERIMENT II 


How spatial separation between adjacent letters affects attentional 
selectivity was not entirely elucidated by Experiment I. While there 
was evidence that the subjects tended to confuse immediately ad- 
jacent letters with the target letter, there was not a significantly 
greater tendency for these confusions to occur in the grouped as 
opposed to the distributed condition, as might have been expected. 
Also, in addition to confusions, contour interactions between ad- 
jacent letters under the close-spacing conditions may have served 
to reduce letter legibility. Experiment II was therefore carried out 
to determine the extent to which contour interactions and inter- 


"U, Neisser, Cognitive Psychology, 1967. 


340 ERIKSEN AND ROHRBAUGH 


ference between adjacent letters played a role in the spacing effect 
obtained in Experiment I. 

In Experiment II only three-element displays were employed, 
with the target always the center of the three. In each display the 
three elements were separated by one of three distances between 
their nearest boundaries. In addition to a condition in which all 
three elements were letters, there was a condition in which the two 
flanking elements of the target letter were solid discs and another 
condition in which the flanking elements were Xs. These latter 
two conditions would be expected to produce contour-interference 
effects but avoid the possibility of confusions. 


Method 


Subjects. Four University of Illinois students (two women) with normal 
or corrected-to-normal vision served as paid volunteers. None had served in 
Experiment I. 


Stimulus materials and apparatus. As in Experiment I Ss were required 
to identify a target (A, T, V, or H) on each exposure. The target letter was 
always the center item in a three-item display and was designated by a con- 
currently appearing probe. The adjacent items were either Xs, solid black 
discs, or two of the four letter stimuli. The letter stimuli and probe dimen- 
sions were identical to those for Experiment I, with the target letter appearing 
in a position corresponding to either 12, 3, 6, or 9 o'clock on the imaginary 
display circle. The adjacent items Jay on the same imaginary circle and were 
separated from the target by either .78°, .88°, or 08* of visual angle. Target 
letters, discs, and Xs were all the same size on their maximum dimension. 

For those display conditions in which the adjacent items were letters, 6 
of the possible 16 arrangements of the four letters were selected such that 
each letter was paired with each of the remaining three. 


; Procedure. All Ss served in three practice sessions during which was estab- 
lished an exposure duration that yielded approximately 85% accuracy in 
identifying the target letter on displays on which only the target letter and 
accompanying probe were presented. Average exposure duration was 135 
msec. with a range of 11-17. Practice sessions were followed by six experi- 
mental sessions during which each S gave 96 judgments for each of the nine 
spacing-by-type-of-display conditions and an additional 96 judgments for the 
control condition, for which the target letter appeared only with the probe. 
Each session contained 10 blocks of 16 trials, each block under a different 
one of the experimental or control conditions. A block of trials followed one 
of 12 orders, which were random except for the constraint that each target 
letter appear equally often in each of the four positions. The stimulus- 
presentation orders and the conditions were balanced as fully as possib 
within and across Ss. Each session was preceded by 16 warm-up trials under 
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the condition for which the target letter was flanked by discs at the .38° 
spacing. 


Results 


Figure 3 shows mean percent errors in identifying the target, as a 
function of spacing between the target and the flanking stimuli, for 
each of the three types of display (letters, discs, and Xs). Also 
shown is the performance obtained when only the letter and probe 
were presented. 

Analysis of variance yielded significant effects for the spacing 
variable [F (2, 6) = 229, p < 01] and for subjects [F (3, 12) = 
7.7, p < 01]. The difference between display types did not approach 
significance (F < 1). 


Discussion 


The data in Figure 3 show that the spacing between the boundaries 


50 A Letters 
@ Discs 
CO V) 
40 
^ 
S 
ù 
=- 30 
z 
5 
$ 
$ 
a 
20 
^ 
10 
Single 78 38 08 
Letter 


Distonce Between Adjacent Stimuli in 
Degrees of Angle 


Fic. 3. Mean percent errors in target identification for each display type 
as a function of spacing between target and flanking stimuli 


of adjacent stimuli had an effect on target identifiability only 
when the distance was .08? of angle. There was no significant or sug- 
gestive difference between the .78? and the .38? spacing, irrespec- 
tive of whether the adjacent stimuli consisted of letters, discs, or 
Xs. Since the 38° spacing was the distance between boundaries for 
the closest spacing in Experiment I, the present finding would tend 
to rule out contour-interaction effects as the basis for the difference 
obtained between the distributed and grouped conditions of Experi- 
ment I. To this extent then, the present results support a conclusion 
that the spacing effect obtained in Experiment 1 was attributable 
to a greater tendency for subjects to confuse the target letter with 
an immediately adjacent one. 

The failure to find a significant difference between types of dis- 
play does not contribute to a confusion interpretation, however. As 
would be expected from a confusion hypothesis, more errors were 
made on the letter display at the .08? spacing than were made on 
the dise or X displays. This would be expected, since with the letter 
displays, confusions would also contribute to errors over and above 
contour-interaction effects. However, the difference between the letter 
display and the other two display types did not approach signifi- 
cance. It is likely that confusion errors on the letter displays in the 
present experiment had a very low frequency, even under the closest 
spacing, because of the fact that the target letter was always in the 
middle of the three elements presented. The subjects may very well 
have located the target letter not by the probe but by its position 
relative to the two flanking letters. This strategy would seem to lead 
to minimum confusion as to which letter to report. 
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WORD FREQUENCY AND 
SHORT-TERM RECOGNITION MEMORY 


Benton J. UxpERwoop and JoeL S. FREUND, 
Northwestern University 


Abstract. In Experiment I, high-frequency words resulted in poorer 
recognition performance than did low-frequency words only when the ‘new’ 
words on the test were also high-frequency words. When they were low- 
frequency words, recognition was nearly errorless. These findings are inter- 
preted by assuming that a frequency attribute dominates recognition per- 
formance and that frequency information for high-frequency lists was 
influenced by implicit associational responses. Since performance on the recog- 
nition test deteriorated somewhat during testing, Experiment II used retention 
intervals of up to 6 min. and showed that this effect for low-frequency words 
was not due to the testing itself but to forgetting over time; for high- 
frequency words, the results were less clearcut. The evidence suggests that 
forgetting may be retarded by increased temporal discrimination between 
‘old’ and ‘new’ words. 


o o a a SE ca 


A number of studies have shown that word frequency, as deter- 
mined by Thorndike and Lorge, is related to recognition; Gorman’s 
study is an example More particularly, recognition for words of 
high frequency is poorer than recognition for words of low frequency. 
However, a theoretical analysis of recognition leads to expecta- 
tions that are not in agreement with this finding for all situations. 
Experiment I, below, was a test of these expectations, which may 
be understood by indicating the type of recognition test used 
and the nature of the theoretical assumptions. 

The subject was presented a list of 50 words for a single study 
trial, with full instructions about the nature of the test. On the test, 
each of the words presented for study (‘old’ words) was paired with 


Received for publication March 6, 1970, This work was supported by Con- 
tract N00014-67-A-0356-0010, Project NR 154-057, between Northwestern Uni- 
versity and the Office of Naval Research. Apure in hag or in part 
is permitted for any purpose by the United States Government. 

1E. L. Thome NEC Lorge, The Teachers Word Book of 30,000 Words, 
1944; A. M. Gorman, Recognition memory for nouns as a function of 
Stractness and frequency, J. exp- Psychol., 61, 1961, 23-29. 
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a word not presented for study (‘new’ words) and the subject was 
asked to designate the old member of each pair. If only the extremes 
of the frequency dimension are considered, four conditions are re- 
quired to determine the effects, with such a recognition test, of the 
frequency of both the old and the new words; for when the old words 
are high-frequency words, the new words are either high- or low- 
frequency words, and the same is true when the old words are low- 
frequency words. Next, the theoretical assumptions, which were: 

1. The major attribute of memory involved in discriminating be- 
tween old and new words is the frequency attribute. Old words 
have a situational frequency of at least one, new words a 
situational frequency of zero. It is assumed that the sub- 
ject’s decision for each pair is made by choosing the member of 
each pair having the highest frequency. 

2. Situational frequency does not sum or interact, with linguistic 
frequency (ie, with Thorndike-Lorge frequency). 

3. When a high-frequency word is presented for study, there is a 
high probability that it will elicit one or more implicit asso- 
ciational responses (IARs), and such IARs also have a situa- 
tional frequency of one. The IARs to high-frequency words 
are likely to be other high-frequency words. 

4. When a low-frequency word is presented for study, the prob- 
ability of producing an IAR is low, and if one is produced it 
is likely to have a higher linguistic frequency than the word 
producing it. (Points 3 and 4 are essentially statements of 
known facts: a sample of high-frequency words has a far 
greater number of interword associations than does a sample 
of low-frequency words.)? 

5. The frequency resulting from the actual presentation of a word 
for study may be augmented by the occurrence of an IAR 
which is that word. 

When the assumptions described were used to predict the outcome 
of the experiment described, the critical predictions involved the 
old high-frequency words, During the study trial, IARs are pro- 
duced by these words. Some of these IARs are other old words, some 
are new words (other high-frequency words used on the recogni- 
tion test). When an IAR is another old word, the frequency of this 
word is augmented and the discrimination on the test should be 


2J. Deese, Frequency of usage and number of words in free recall: The 
role of association, Psychol. Rep., 7, 1960, 337-344. 
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facilitated. If the IAR to a high-frequency old word is a new word, 
the so-called old and new words when paired on the test are, 
essentially, two old words, each with a frequency of one. Therefore, 
discrimination should be impossible if based on a frequency discrimi- 
nation. These considerations led to two quite different predictions 
for the recognition of high-frequency words—predictions which are 
determined by the frequency of the new words. 

When high-frequency words are used as new words, recognition 
should be depressed. There are two contrary processes operating. 
First, there is the negative effect of a new word being an IAR during 
study, which, as noted above, should severely depress performance 
for such pairs. If an IAR is another old word, and if it is paired 
with a true new word on the test, performance should be enhanced. 
However, adding an additional frequency unit to an old word 
produces a relatively small increase in discriminability.? This is to 
say that a discrimination based upon a 2:0 frequency difference 
is only slightly better than one based on a 1:0 difference. Therefore, 
the negative effect should be greater than the positive effect when 
high-frequency words are presented for study and the new words 
are also high-frequency words. 

But when high-frequency words are presented for study and the 
new words are low-frequency words, recognition performance should 
be enhanced, for this situation contains only the positive effect 
produced by IARs during the study trial. On the test the subject 
is faced with a series of decisions in which the frequency difference 
is at least one between the old and new words, and insofar as [ARs 
on the study trial were other old words, the decision may be 
based on a difference that is greater than one. (When low-frequency 
words are presented for study, no consideration needs to be given 
to IARs, since it is assumed that the few IARs produced by low- 
frequency words are not other low-frequency words and since it 
is highly unlikely that an TAR would be an high-frequency word 
if the samples of low- and high-frequency words come from the 
extremes of the frequency dimension.) 

In sum, three levels of performance were predicted: poorest 
performance under Condition HF-HF (study high-frequency words 
and test with high-frequency words), best performance under Condi- 
tion HF-LF, with the other two conditions (LF-HF and LF-LF) 


3D. L. Hintzman, Apparent frequency as à function of frequency and the 
spacing of repetitions, J. exp. Psychol, 80, 1969, 139-145. 
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falling in between. It can be seen that for Conditions HF-HF and 
LF-LF the expected outcome was the same as that noted at the 
outset as having been reported by other investigators, namely, that 
recognition for high-frequency words is poorer than for low-frequency 
words. However, according to the theoretical analysis made here, 
this generalization was not predicted to hold for Conditions HF-LF 
versus LF-HF. 


EXPERIMENT I 


Method 


Materials. For an earlier study, a random pool of two-syllable AA words 
was developed, as was an equivalent pool of words with a frequency of one 
per million. For the present study, 100 HF words and 100 LF words were 
drawn randomly from the pools; 50 were then chosen randomly from each 
frequency level to serve as study (old) words, and 50 as new words. The 
order of the 50 words for study was random but was exactly the same for 
the two HF lists and the same for the two LF lists. The pairing on the 
recognition test was random. The order of the pairs on the test was also 
random, but was exactly the same for the two HF study lists and for the two 
LF study lists. 


Procedure. The study list was shown once to S at a 1-sec. rate following 
complete instructions concerning the nature of the test. After the last word 


was shown, the instructions for the test procedure were repeated; approxi- 


mately 30 sec. elapsed from the presentation of the last word to the presenta- 
tion of the first test pair. The pairs were presented at a 2-sec. rate and S was 
instructed to make a choice for each pair by speaking the word he thought 
was correct (the old word) during the 2-sec. interval. The instruction that 8 
must respond to each pair within the time allotted was strongly emphasized. 
In the few cases in which an S failed to respond to a pair, # re-presented the 
pair (or pairs) after the last pair had been shown. 


Subjects. Thirty Ss were assigned to each of the four conditions, the as- 
signment being made by a schedule of block randomization. The Ss were 
college students enrolled in the elementary psychology course. 


Results and Discussion 


The number of errors was used as the response measure, and 
the percentages for each of the conditions are shown in Figure 1. 


* The study cited is by B. J. Underwood and B. R. Ekstrand, Word fre 
quency and accumulative proactive inhibition, J. exp. Psychol, 74, 1967, 
193-198; see also Thorndike and Lorge (n. 1 above). 
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Fic. 1. Recognition errors as a function of the frequency of old words with 
the frequency of new words as the parameter 


It may be noted first that, in accord with previous findings, Con- 

dition HF-HF resulted in poorer performance than did Condition 

LF-LF. However, it can also be seen that performance was nearly 

errorless under Condition HF-LF. Of the 30 subjects, 20 made no 
errors, 5 made one error, 2 made two errors, with the remaining 
3 subjects committing three, four, and eight errors. Statistically 
speaking, frequency of old words (F = 8.69), frequency of new 
words (F = 51.73), and the interaction (F = 78.21) were all'signifi- 
cant beyond the .01 level. Using the within-groups variance to derive 
an error term, the difference between Conditions HF-LF and LF-HF 
was also found to be significant (t = 3.00). 

The results are as expected from the theoretical analysis. An al- 
ternative interpretation might suggest that in Condition HF-LF 
performance was determined by the subject’s simply choosing the 
high-frequency word in each pair. There are two facts which 
oppose this interpretation. If Thorndike-Lorge frequency deter- 

, mined choices in Condition HF-LF, it should also determine equally 
the choices in Condition LF-HF (the subject would choose the low- 
frequency word in each pair). But, as noted earlier, these two 
conditions differed significantly. Still, it might be argued that it 
took the subject longer to discover the irule’ in Condition LF-HF 
| than in Condition HF-LF. If this were true, performance in Condi- 
! tion LF-HF should improve during the process of testing. Errors 
b. On the first 25 pairs were contrasted with the errors on pairs 26-50 


y 
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Fic. 2. Changes in recognition errors during testing 


(see Figure 2). For reasons which will become apparent shortly, 
two other conditions are also plotted, but errors were too infrequent 
to include Condition HF-LF. It is quite clear that recognition did 
not improve over pairs for Condition LF-HF. In fact, there was 8 
decrement during testing, and the amount of decrement was es- 
sentially equivalent for all three conditions, the F for the interac- 
tion term being less than one. The decrement during testing was 
reliable [F (1, 87) = 7.26, p < 01]. 

It has been assumed that IARs are produced during the study 
trial but no mention has been made of the possibility that they might 
also occur during the testing phase. Assuming that high-frequency 
words would be more likely to produce IARs than would low- 
frequency words, the equivalence of the slopes in Figure 2 indicates 
that IAR effects were minimal during testing. The question may be 
raised, however, as to the cause of the decrement during testing. 
it the process of testing per se, or is it forgetting that would occur 
over time even without the testing? Experiment II provides evi- 
dence relevant to the answer. 


EXPERIMENT II 


It has been assumed that the dominant attribute mediating recog- 
nition is the frequency attribute. However, it can be seen that 8 
temporal attribute might support the frequency difference. The use 
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of the terms ‘old’ and ‘new’ to identify the two classes of items 
implies a temporal attribute. If the temporal attribute is involved 
in the discrimination, a rather unusual prediction emerges. It must 
be presumed that the discriminative power of the temporal attribute 
would increase as the retention interval increases. The longer the 
retention interval, the newer the new items should appear relative 
to the old. But, of course, the longer the retention interval becomes, 
the greater the amount of forgetting that could be anticipated 
from other sources (e.g. loss of frequency discrimination). Thus, 
while an increase in discrimination via the temporal attribute 
might be expected as the retention interval increases, a loss of dis- 
crimination from other attributes may occur. In spite of the inabil- 
ity to make a prediction, it seemed worthwhile to explore the for- 
getting curve for recognition over relatively short intervals to see if 
any signs of a positive effect due to increased temporal discrimina- 
tion could be detected. 


Method 


Conditions HF-HF and LF-LF of Experiment I were used, each list being 
tested for retention after 30 sec., 3 min., or 6 min. This required six groups. 
The Ss were assigned to the block-randomized schedule until 25 were con- 
tained in each of the groups. All procedures were exactly the same as in 
Experiment I. The Ss assigned to the 3- and 6-min. conditions were given a 
symbol-cancellation test during the retention interval to minimize 


Results and Discussion 


The error percentages are plotted in Figure 3. The retention 
interval is given in seconds and the points are plotted to include 
one-half the interval required for testing. During the test there 
were 50 pairs presented at a 9.sec. rate. Therefore, the 30-sec. 
retention interval is plotted as 30 + 50 sec., or 80 sec. Similarly, 
the other two intervals become 230 and 410 sec. The short dotted 
lines represent the change in performance during the process of 
testing. The left point for each of these lines is based on items 
1-25, the right point on items 26-50, and these are plotted ap- 
propriately for the time interval. That is, the left point is plotted at 
the midpoint of the time required for testing items 1-25 (ie., 25 
sec.), the right point as the midpoint of the time for items 26-50. 

It may first be noted that, as in Experiment I, word frequency 
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Fic. 3. Recognition as a function of length of retention interval for high- 
frequency (HF) and low-frequency (LF) lists (solid lines). The dotted lines 
represent changes in recognition errors during testing. 


was a highly relevant variable (F = 39.02). Statistically there is 
also evidence for forgetting [F (2, 144) = 3.94, p < .05], but 
it is apparent that the loss was not great. The interaction between 
interval and frequency was not significant (F = 1.62). Overall 
there was a small testing effect [F (1, 144) = 4.79, p < .05], but 
it did not interact with any of the other variables. 

For Condition LF-LF an average testing effect for the three 
subgroups produced a line with a slope that was almost identical 
to the slope of the eurve over the three retention intervals. This 
probably means, therefore, that for the low-frequency lists the 
testing effect was not due to the process of testing as such, but 
simply represented a loss that would have occurred over time with- 
out the testing. The results on this same matter for Condition HF-HF 
were somewhat ambiguous. An average slope for the three dot 
lines would be greater than any reasonable slope assigned the over- 
all retention curve. This would indicate a testing effect per se. Yet, 
for the 3-min. subgroup there was no testing effect, while for the 6- 
min. subgroup a very sharp effect was apparent, Furthermore, if 
only the high-frequency lists are tested, the effect of retention in- 
terval was not significant (P = 1.46), indicating that statistically 
the slope could be zero. No firm conclusions can be reached about 
the cause of the testing effect for Condition HF-HF. 
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Is there evidence for increased temporal discrimination as the re- 
tention interval increases? Clearly, no such evidence exists for the 
low-frequency lists. Forgetting is a linear function of time. This 
does not mean, of course, that a temporal attribute was not in- 
fluencing the performance; it simply means that for the low- 
frequency lists there was no evidence that changes in performance 
over time were being influenced differentially by positive and 
negative factors. On the other hand, the results for the high- 
frequency lists do suggest the presence of a process which, at 
least, retards forgetting. It is as if the discrimination due to the 
temporal attribute increases at a more rapid rate over time than 
does the loss of discrimination produced by other processes. At best, 
however, the results on the matter of increased temporal discrimina- 
tion over the retention intervals can only be viewed as suggestive- 
suggestive of the need to work out techniques that would provide 
an independent measure of the (presumed) increased diserimina- 
tion. 


EYE-DEPENDENT AND DISPARITY ADAPTATION TO 
OPPOSITE VISUAL-FIELD ROTATIONS 


AnrgzN Mack, New School for Social Research, and 
Deanna Curravar, Queens College, City University of New York 


Abstract. The experiment reported demonstrates eye-dependent perceptual 
adaptation and adaptation to altered retinal disparity in the absence of 
cyclotorsion. Experimental observers were exposed to a binocular prism sys- 
tem that produced 5°, opposite rotations to the two eyes. Tests of monocularly 
perceived vertical and of binocularly perceived stereovertical were adminis- 
tered before and after exposure. Results indicate simultaneous and opposite 
eye-dependent changes in the monocular perception of vertical, and adaptive 
binocular changes in the perception of stereovertical such that zero disparity 
evoked the experience of depth, Photographie measurements of cyclotorsion 
were made during testing to determine whether the adaptive changes were 
& function of oculomotor changes. No cyclotorsion was found. 


BR OT THERE - 


i In recent years there has been an accumulation of evidence 
indicating changes in visual perception as a result of exposure to 
distorting lenses. Evidence of perceptual adaptation to displacement, 
to rotation, and to distortion of size or shape may be considered 
evidence of perceptual learning! But while there is evidence that 
monocular exposure to a consistently imposed visual distortion may 
result in visual adaptation and that (at least under some condi- 
tions) this learning is demonstrated by the eye that has been 
occluded,? there has been very little research on whether the two 
eyes can adapt independently and therefore can learn to see dif- 


263-267; H. L. Pick, J. C. Hay, and R. H. Willoughby, Interocular transfer 
of adaptation to prismatic distortion, Percept. mot. Skills, 23, 1966, 131-135; 
i 4 "UG Miyanshi, Interocular effects in prism adaptation, Science, 
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ferently. Were such eye-dependent perceptual learning possible, the 
appearance of a visual stimulus that casts identical images on the 
two retinas could differ, depending on which eye was used to view it. 

Foley and Miyanshi (n. 2) have reported limited interocular 
independence of visual-motor spatial coordination in observers si- 
multaneously exposed to a 20-diopter base-up prism over one eye 
and a 20-diopter base-down prism over the other eye. (The effect 
of these prisms is to displace the visual fields of the two eyes in 
opposite directions, one upward and the other downward.) And 
Hajos demonstrated eye-dependent adaptation in observers who 
wore base-left and base-right prisms over left and right eyes 
respectively for nine days. But because adaptation to displace- 
ment has been shown to involve oculomoter changes (changes in 
actual eye position),* it seems reasonable to wonder—particularly 
in the case of the Hajos findings, which derived from exposure to 
visual fields laterally displaced in opposite directions—whether 
the measured adaptive changes are not limited to the capacity of the 
eyes to diverge. If this were so, it would not be that an object 
casting identical images on the two eyes has, as a result of learning, 
come to appear differently. Rather, the changes in eye position 
alone—the recorrelation of the relationship between eye position 
and perceived direction—would fully account for the eye-depen- 
dent effects. 

As a way of investigating the possibility of eye-dependent adap- 
tations, we exposed observers simultaneously to opposite rotations 
of the right- and left-eye visual fields. We did this on the grounds 
that there has been no evidence that adaptation to prismatic rota- 
tion involved oculomotor changes, and there seemed no good rea- 
Son to expect that such changes would occur. That oculomotor 
changes accompany adaptation to displacement seems to follow 
from the fact that the perception of radial direction is at least in 


.'A. Hajos, Sensumotorische Koordinations prozesse bei Richtungsloka- 
lisation, Z. exp. angewan. Psychol, 15, 1968, 435-361. 

*8. C. McLaughlin and R. G. Webster, Change in straight-ahead eye 
Position during adaptation to wedge prisms, Percept. & Psychophys., 2, 1907, 


*In order to avoid confusion, the following terms are used consistently: 
ertical’ refers to orientations in the frontal plane; ‘tilt’ refers to rotations 
th the frontal plane; ‘upright,’ or ‘stereovertical,’ refers to orientations in 
din Sagittal plane and describes a line whose top and bottom are equally 
cag from an observer; ‘inclination’, refers to rotation in the sagittal 
Plane, a line being inclined when one end is farther away from an observer 
than the other end. 
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part a function of eye position. There is no evidence that perceived 
orientation is similarly a function of eye position, nor is there a 
plausible basis to believe that it is. Therefore it seemed reasonable 
to assume that adaptation to tilt does not depend on rotation of the 
eye? 


Interocular transfer. Monocular adaptation to tilt transfers to 
the eye that was occluded during prism exposure.” For eye-depen- 
dent tilt adaptation to occur, this interocular transfer would either 
have to be inhibited or in some way overcome. To determine whether 
interocular transfer effects had in fact been reduced or overcome in 
our experiment (or whether the two eyes exposed to opposite 
visual-field rotations behaved like eyes that had been monocularly 
exposed to the same amount of rotation for the same period), we 
tested control observers who were monocularly exposed to the same 
magnitude and direction of visual-field rotation. These observers, 
like those exposed to opposite rotations, made judgments of verti- 
cality, before and after prism exposure, with each eye. Unlike 
Ebenholtz (n. 2), who tested the occluded eye of an observer exposed 
to monocular prism tilt only after the exposed eye had been tested, 
we counterbalanced the order in which the eyes were tested. 
(Ebenholtz reported an interocular transfer effect of 50%.) 


Binocular disparity. Opposite rotations of the visual fields of the 
two eyes introduce a binocular disparity, which may result in dis- 
torted depth perception such that an objectively upright line appears 
inclined either toward or away from an observer, depending on the 
direction of the rotations, Therefore, a test for changes in apparent 
inclination was included in our experimental design. Before and 
after prism exposure each observer made judgments of the ap- 
parent upright by adjusting a single luminous line that could rotate 
either toward or away from the observer until it appeared upright. 
A difference between before and after judgments in the predicted 
direction was taken as evidence of adaptation to the distorted 
disparity. We may note here that there was some reason to expect 
that such adaptation to distorted disparity might occur. Fender 
and Julesz reported no change in perceived depth as the disparity 
between the images to the two eyes was either gradually increas 


€ For this reason, we chose to use binocular exposure to opposite rotations 


of the visual field as a means of investigating eye-dependent perceptual 
learning. 


1 Ebenholtz (n. 2 above). 
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or decreased.5 Kóhler and Emory reported figural aftereffects in the 
third dimension following the inspection of inclined figures? Wal- 
lach, Moore, and Davidson reported a modification of stereoscopie 
depth after observation through a telesteroscope of rotating wire 
figures.!° (This modification was, however, primarily limited to the 
forms used during training.) Wallach and Karsh reported a de- 
crease in stereoscopic depth perception after 24 hours of monocular 
viewing.!! Ogle reported some accommodation to aniseikonie lenses 
but concluded that his studies were evidence in support of the 
Hering hypothesis concerning the innate and stable character of 
corresponding retinal elements.!? 

Any evidence of the predicted changes in perceived inclination 
in the present experiment would be evidence that the depth signifi- 
cance of disparity had been modified. If an objectively upright 
line were seen as upright before binocular exposure to opposite field 
rotations, and then seen as inclined after exposure, we would have 
clear evidence of a recalibration of the relationship between dis- 
parity and depth. Images with zero disparity would be the basis for 
perceiving inclination. 

In order to determine whether any obtained changes in per- 
ceived depth were merely instances of figural aftereffects in the 
third dimensioni? or if they depended on the sensory informa- 
tion apparently relevant to perceptual adaptation (e.g., informa- 
tion derived from movement) ,!4 a group of stationary observers was 
tested. These were not permitted to move while they were exposed 
to opposite rotations of the visual field; their results were taken 
as an index of the magnitude of three-dimensional adaptation at- 
tributable to configurational adaptation. The difference between 
their results and those of the subjects who were permitted to move 
while wearing the binocular prism goggles may also be viewed as 


* D. Fender and B. Julesz, Extension of Panum's fusional area in binocular 
stabilized vision, J. opt. Soc. Amer., 57, 1967, 819-829. 

°W. Köhler and D. A. Emory, Figural after-effects in the third dimension 
of visual space, this JouRNAL, 60, 1947, 159-201. 

10H. Wallach, M. E. Moore, and L. Davidson, Modification of stereoscopic 
depth-perception, this JouRNAL, 76, 1963, 191-204. 

uH., Wallach and E. Karsh, The modification of stereoscopic depth- 
Perception and the kinetic depth effect, this JoURNAL 76, 1963, 429-437. 

12 K, Ogle, Binocular Vision, 1964. 

: Köhler and Emory (n. 9 above). 

+I. Rock, The Nature of Perceptual Adaptation, 1966; A. Mack, The role 

of movement in perceptual adaptation to a tilted retinal image, Percept. & 

suchophys., 2, 1967, 65-68. 


adaptation. (The stationary observers also provide information í 
the two-dimensional figural aftereffects involved in normalizati 
of tilt; see the end of the first section on results.) 


Oculomotor change. A further problem was whether any ob 
changes in binocularly perceived inclination or in monocula 
perceived orientation were the result of changes in the position | 
the eyes. It has been argued that perceptual adaptation may be 
function of oculomotor changes.” For this argument to apply 
adaptation to tilt, it must be argued that an imposed rotation | 
the visual field results in cyclotorsional movements of the eye, movi 
ments which persist and lead to new and atypical resting po 
tions. For example, a clockwise rotation of the visual field ma 
cause the eye to rotate clockwise in an attempt to nullify tl 
imposed tilt. If this rotation were either not registered or came! 
represent the normal resting position of the eye, then an OD 
jectively vertical line, which thus cast its image counterclockwise 
the vertical retinal meridian, would appear tilted counterclocky 
Only an objectively clockwise-tilted line whose image fell on the 
true retinal vertical would appear vertical. 

While not very convincing in the case of monocular adaptation 
to tilt, this argument is more convincing in the case of binoc 
exposure to opposite tilts. Under this condition, cyclotorsion mi 
in fact occur to minimize disparity and facilitate fusion. Inde 
Ogle (n. 12) speaks of one of the sources of cyclotorsional mo 
ments as the “urge to fusion.” When there is a disparity be 
the images, the eyes may rotate in opposite directions to minim 
disparity and facilitate fusion. A line inclined either toward 
away from an observer thus casts disparate images on the retinas 
the two eyes—images which are rotated in opposite directions ab 
the foveas. These counterrotations, if large enough to stim 
noncorresponding retinal directions will, according to Ogle, 
vide a stimulus both for cyclotorsional eye movements (whee 
counterrotations of the eyes) and for stereoscopic depth percep Li 
Such stimulation will “tend to compel cyclotorsions of the eye 
that the images will fall as near as possible on corresponding reti 
points.” Ogle continues: “Under circumstances where no act 
cyclotorsion can occur the inclination of the line is perceived 


15 J, C. Hay and H. J. Pick, Jr., Gaze contingent prism adaptation: Opt : 
and motor factors, J. ezp. Psychol. 72, 1966, 640-648. 
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stereoscopic perception correctly inclined. If, however, owing to 
the compulsion for fusion, cyclotorsional movements of the eyes do 
take place, the images of the line will fall nearer corresponding 
retinal meridians. The functional rotary deviation between the 
images, which depends upon the relationship of images to retinae, 
will then be reduced or even eliminated, and the line would ap- 
pear normal (i.e., not inclined). As far as the eyes are concerned, 
the images then fall on retinal meridians corresponding to those 
of a line perpendicular to the visual plane with no cyclotorsion 
of the eyes" (p. 104). 

In order to argue that the adaptation effects obtained in the 
present study were the result of cyclotorsional eye movements that 
persisted over time, the combined cyclotorsion of the two eyes 
would have to be equivalent to the amount of angular deviation 
between the images in the two eyes produced by that inclined line 
which an observer judged to be upright after exposure to op- 
positely rotated visual fields. Since binocular exposure to op- 
posite tilts of the visual field appears to constitute the most ap- 
propriate condition for eliciting cyclotorsion and, therefore, for 
investigating oculomotor change as an explanation of perceptual 
adaptation to tilt, measurements of cyclotorsion were included as 
part of the experimental design. 


METHOD 


Conditions. Exposure to prismatic rotation occurred under one of the 
following three conditions for all Os. In Group I (experimental), 24 Os wore 
binocular prism goggles which produced 5°, opposite visual-field rotations to 
the two eyes, Of these, 12 Ss were exposed to a 5° clockwise and a 5° counter- 
clockwise rotation to the left and right eyes respectively (I-CWL). The 
remaining 12 Os were exposed to the reverse rotations (I-CWR). In Group 

(monocular control), 16 Os were monocularly exposed to a 5° visual-field 
rotation. Of these, 8 were exposed to a 5° clockwise rotation (II-CW), and 
the remaining 8 Os were exposed to a 5° counterclockwise rotation (I-CCW). 
For each direction of rotation, half of the Os were exposed with the right 
eye while the left eye was occluded; for the remaining Os, occluded and 
exposed eyes were reversed. In Group III (stationary control), 8 Os were 
binocularly exposed to opposite prism rotations. As in Group I, half the Os 
Were exposed to a 5° clockwise rotation over the left eye and a 5° counter- 

lockwise rotation over the right eye (III-CWL), and the remaining Os were 
exposed to the reverse conditions (III-CWR): All exposures occurred while 
Os were seated and prevented from moving their heads by means of a 
rigid bite bar, 
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Exposure and testing apparatus. The optical system that created visusl- 
field rotation consisted of two pairs of Dove prisms mounted in tandem 
and set on goggle frames, a pair of prisms in front of each eye. The prism 
closer to the eye was rotatable and served to disorient the visual field. The 
prism farther from the eye corrected the right-left reversal produced by the 
rotating prism. The rotating prism was movable by means of a lever cali- 
brated to an accuracy of 5°. When the lever was set at zero, there was no 
visual-field rotation. The binocular field through the prisms was 25° X 25°. 
The prism goggles weighed a total of 2.8 lb. In order to counterbalance 
this weight and thus help support the goggles, they were attached to the 
front of a helmet. A rod attached to the back of the helmet held an ad- 
justable counterbalancing weight. 

The stimulus used for all testing consisted of an electroluminescent line, 
12 x % in, which rotated either clockwise or counterclockwise in the 
frontal plane or forward or backward in the sagittal plane. The line was 
calibrated in both planes to within 5°. Either forward and backward or 
right and left movements of the line were accomplished by a set of strings 
given to the O. For any test the line could move in only one plane. 

The O sat 35 in. in front of the test line with his head held rigidly in place 
by a wax-bite chin- and headrest. Two movable narrow %-in. vertical 
strips of wood used for occluding one of the eyes during testing were placed 
125 in. from the eyes. Thus while the luminous line was occluded for one 
eye, it was possible for the camera, used to measure cyclotorsion, to photo- 
graph both eyes simultaneously. 

The camera, a 35-mm. Nikon F with a telephoto angled lens, was placed 
20 in. from the O's eyes. The camera was placed at an angle of 20° to the 
O's head; and both of the O's eyes were in sharp focus. A shutter speed 
of % sec, a focal length of 2 in. and an aperture of f 22 were used. A 
flashgun was mounted in front of the O several inches below eye level. A 


blue filter placed in front of the flash enhanced the contrast between blood 
vessels and sclera, 


Procedure. In a pretest of apparent inclination, each O sat in a dark room 
with head held firmly by means of a wax-bite chin- and headrest and he was 
asked to set the inclined test line (alternately inclined forward and backward), 
so that it appeared upright—with the upper and lower ends of the line 
thereby appearing equally distant. Four judgments were made. Approx 
mately 3 sec. after each of the first three adjustments, both eyes were 
photographed. 

In a pretest of two-dimensional orientation, an occluder was set in front of 
one of the O's eyes and he was instructed to set the tilted test line (alter- 
nately tilted clockwise and counterclockwise of vertical), so that it appeare 
vertical. Photographs of both eyes were taken after each of the first three 
adjustments. Four adjustments were made. This procedure was repente 
using the eye that had been occluded during the initial test. The tests of 
perceived orientation were administered in a counterbalanced order except 
that the monocular tests were always consecutive. All testing was done with 
the naked eye. 


Total exposure to prisms was 40 min. for each O. The Os in Groups I and 
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II wore the prism goggles while walking through the halls and courtyard 
of the New School. The Os in Group III remained stationary and looked 
down a hallway. For the Os in Groups I and III, the exposure period was 
interrupted by four testing sessions; there were three testing sessions for 
Os in Group II. Each of the testing sessions involved four judgments and 
consisted of one of the following tests: & monocular right-eye test of perceived 
vertical (R); a monocular left-eye test of perceived vertical (L); or two 
binocular tests of perceived inclination (B). The Os in Groups I and III 
received a B posttest after the first 5 min. of prism exposure. This was 
followed by another 15 min. of exposure and a second posttest. Between all 
subsequent tests there was a 10-min. exposure interval. (Exposure intervals 
between tests allowed us to measure adaptive changes which suffered minimal 
decay.) The order of the last three posttests was counterbalanced across 
Os with the the exception that the monocular tests were always consecutive. 
The posttest orders in Groups I (I-CWL and I-CWR) and III (III-CWL 
and III-CWR) were BRLB, BLRB, BBLR, and BBRL respectively. 
In order to avoid any unnecessary binocular stimulation during the (mono- 
cular) exposure period for Group II, there was only one binocular posttest, 
which occurred after the full 40 min. of exposure. Since there was no initial 
test of apparent inclination for Os in this group, the first 20 min. of ex- 
posure were uninterrupted. Posttest orders in Group II (II-CW and II-CCW) 
were LRB and RLB respectively. 

The method used for measuring cyclotorsion was a modification of the 
photographie procedure described by Howard and Evansi9 The principal 
requirement any photographie measure of torsion must satisfy is that it 
establish an angular relationship between some clearly detectable referent in 
the eye and some other fixed point. Unlike Howard and Evans, we estab- 
lished as our fixed referent a line connecting the center points of the irises. 
(Howard and Evans used a plastic U-shaped form which pressed against 
the O's face and surrounded his eye) Since we were measuring possible 
torsion changes after prism exposure, and thus needed to photograph the eye 
Prior to and following the exposure period, we had to establish a fixed refer- 
ent that would not be changed by removing and replacing the O in the 
testing position. The justification for using the line connecting the centers 
of the irises as our fixed referent against which torsion could be assessed 
derives from the fact that disjunctive vertical movements, the only move- 
ments that could affect the relationship between the center of the irises, “are 
not normally produced voluntarily,”!7 and therefore were not expected to 
Occur in the testing situation. Slight changes in head position were not ex- 
pected to result in misleading measures of cyclotorsion, which was indicated 
by a change in the angle between the line drawn from episclerotic blood ves- 
sels to the line connecting the irises. 

Photographs of the eyes were taken while the O’s head was in a fixed 
Position relative to the camera. These photographs were later viewed by 
Means of a rear-projection viewer constructed to facilitate measurements. 


1I. P. Howard and J. A. Evans, The measurement of eye torsion, Vis. 
Res., 3, 1963, 447-455. 
11H, Davson, The Physiology of the Eye, 1950. 
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A projector was placed approximately 10 ft. from the viewer so that the 
image filled a 2 x 3 ft. screen. The structure of the eye was thus sufficiently 
enlarged to allow for precise measurement. The general principle of measure- 
ment was to establish a line between the centers of the irises of the two 
eyes, which essentially determines head position (A). The relative position 
of the visible blood vessels in each eye established the relative rotation 
(6r) of the vessels about the iris. Cyclotorsion was then determined by 
comparing the difference between head and blood-vessel angle (64 67) from 
one testing session to another. The difference is an index of cyclotorsion. 

Since three photographs were taken during pretesting, we were able to 
average the readings of these three photos, thereby minimizing any varia- 
bility in the initial measurement. Since measurement errors are unavoid- 
able,18 repeated measurement of the same picture and of the difference be- 
tween pictures was made. Each pretest photograph was measured three times 
and the mean angle between head and blood vessels was established. This 
measurement was then used as the standard against which postexposure 
photographs were assessed. Each postexposure photograph was measured 
against the initial reference drawing and, again, three measures of each of 
the three photographs were made. A mean of these measures was established. 
The resulting score reflected the difference between the position of the 
blood vessel relative to the head before and after exposure. This difference 
is the measure of torsion. 

In determining the combined left-right cyclotorsion of the eyes (CLRC; 
the measurement most directly relevant to reductions in disparity because 
it affects the functional disparity of the retinal images and consequently the 
appearance of inclination), we found the algebraic difference between the 
rotations of each eye. The retinal images of all inclined lines are rotated 
about the fovea in opposite directions. The position of the images of a 
line relative to the optical center of the two eyes may be determined geomet- 
rically by the equation 


tan S = "tan i, 


where S is the rotary deviation or disparity between images, t is the inclination 
of the viewed line, 2a is the interpupillary distance, and b is the observation 
distance2® This calculation establishes the geometrical angular rotary de- 


18 Two methods were used in estimating error in measuring cyclotorsion. 
The first method involved determining the factors contributing to possible 
errors and then estimating their contribution. This analysis yielded an error 
estimate of .04°. The second method involved estimating accuracy 7 
determining the variability within the pretest photographs. We assum 
that any cyclotorsion that occurred during pretesting should be consistent 
across a pretest session, Thus any variability resulting from this analysis 
was attributed to errors of measurement, An analysis of 17 sets of photographs 
(three photographs per set) yielded a standard deviation of .057°. It may be 
concluded from the error estimate that the errors were on the order 0 
(standard deviation). Based on a standard error of 04°, there is a 95% chance 
of detecting + 08° of cyclotorsion. q 

19 Ogle (n. 12). 
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viation of the images, Cyclotorsion reduces this deviation, Thus, the percep- 
tion of inclination (in the dark) depends, according to Ogle, on the functional 
deviation, which is defined as the geometrical deviation less the CLRC. In 
order to explain adaptation to inclination in terms of cyclotorsion, the 
CLRC would have to be large enough to compensate for the geometrical 
angular deviation induced by the inclined line that the O had come to per- 
ceive as upright after prism exposure. And in order to account for adaptive 
monocular changes in the perceived vertical in terms of cyclotorsion, the 
rotation of the eye would have to compensate for the tilt of the line per- 
ceived as vertical after exposure. 


RESULTS 


Eye-dependent adaptation to tilt. Table I presents the data 
relevant to whether eye-dependent adaptation to (frontal) tilt oc- 
curred. An analysis of variance revealed that neither test order, 
nor which eye was exposed to which direction of visual-field rota- 
tion, nor the interaction of these factors affected the results. Thus 
all data from the clockwise-exposed eyes in Group I were combined 
and considered as a unit, and all data from all counterclockwise- 
exposed eyes were similarly considered. Of the 24 observers in 
Group I who were exposed to 5°, opposite rotations of the visual 


TABLE I 


Eye-DerenpEnt Apapration TO TiuT 


Group I-CWL Group I—CWR 
eee 

Left Right Left Right : 
8 eye eye Diff. 8 eye eye Diff. 
1 +.75t 0 445 0 13 +.8 -12 2.0 
2 —1.60 4.22 —1.82 14 416 .,-—234. 540 
3 —1.49 +1.70  —3.18 15 =- =1.0 8 
4 —1.00 41.6 -2.6 16 4.5 R i weer 
5 —.56 42.0 2.56 17 +1.5 pe 22:1 
6 —.88 +3.12 4.06 18 +1.5 BE 
7 —.90 +8 LT 19 43.8 +1.9t 1.9 
8 —1.62 —.62t 1.0 20 43.1 22,25. 0:8 
9 —.82 1.18 1.45 21 41.7. pate eee 
10 +.5t +.2 .3t 22 =2:0 AT T 
11 -L0 =R 1.5t 23 4.8 SLAY 
12 -1.31 +2.25 3.56 24 = ot SSBEROES 

+ —.82 +.89 1.7 +1.1 —.96 2.06 


pie e scores in degrees; + indicates counterclockwise, — indicates 
t Direction of change against prediction. 
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field, 19 adapted significantly to clockwise rotation and of those 
19, 14 simultaneously adapted to counterclockwise rotation. The 
mean adaptation for the clockwise-exposed eye following simul- 
taneous exposure to clockwise and counterclockwise field rotation 
was .88? (t = 3.19, df 23 a .005). Thus a line tilted .88° clock- 
wise of the preexposure vertical appeared to be vertical when 
viewed by the clockwise-exposed eye. This change represents 18% 
of complete adaptation to a 5° rotated visual field. Mean adapta- 
tion for the counterelockwise-exposed eye following simultaneous 
exposure to opposite field rotations was .97? (t = 3.13, df 23 a 
.005). This represents 19% of complete adaptation. The difference 
in magnitude of these effects was not significant (t = .48, df 23). 
The data indicate that the two eyes can adapt in opposite direc- 
tions as a result of exposure to opposite visual-field rotations. 
Following simultaneous exposure to opposite rotations, the mean 
difference in perceived verticality between the clockwise- and 
counterclockwise-exposed eyes was 1.85° (t = 5.79, df 23 « 001). 
This means that as a result of the exposure conditions the clock- 
wise- (counterclockwise-) exposed eye perceived a line as vertical 
when it was in fact tilted 1.85° clockwise (counterclockwise) of the 
line viewed as vertical by the counterclockwise- (clockwise-) eX- 
posed eye. 

These results may be compared with the results for Group II, in 
which each observer was (monocularly) exposed to only one di- 
rection of rotation (Table II). An analysis of variance performed 


TABLE II 


ADAPTATION TO TILT 


———— en EE 


Group I (CWL and CWR) Group II (CW and CCW) 
eee se 
Left eye Right eye Left eye Right eye 
T2.1 —1.8 3.6 41.6 
+1.6 —.9 il 424 
=M -2.2 +3.6 +2.0 
71.8 —8.6 +2.9 +.7 
=LA —1.45 41.7 41.4 
BE -3.4 +1.2 +1.9 
—1.66 —2.9 427 0 
—2.81 —3.4 T.5 +2.6 
X —.67 —2.31 £X 42.59 +1.53 


Note: All scores in degrees; italics indicate exposed eye; + indicates counter- 
clockwise, — indicates clockwise. 
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on the data of Group II indicated that neither test order, nor 
which eye was exposed, nor the interaction of these factors signifi- 
cantly affected the results. Thus, all data obtained from clockwise- 
and counterclockwise-exposed eyes were pooled. The difference be- 
tween the pre- and postexposure judgments of the vertical for the 
8 observers in Group II exposed to clockwise rotation of the visual 
field was 1.79? clockwise (t = 5.84, df 7 a .001). For the 8 
observers exposed to counterclockwise rotation the mean difference 
was 1.56? counterclockwise (t = 5.97, df 7 a .001). This represents 
35% and 31% of complete adaptation respectively. In order to 
assess the degree of interocular transfer in the monocular condi- 
tion, the effect obtained when testing with the exposed eye was 
compared with the effect obtained when testing with the eye that 
had been occluded during prism exposure. (It should be remembered 
that the order in which the eyes were tested was counterbalanced.) 
In the case of clockwise exposure, testing with the eye that had 
been occluded during exposure yielded a pre- to posttest difference 
of 1.24°. The difference between the clockwise exposed and oc- 
cluded eye was not significant (t = .75, df 7). In the case of 
exposure to counterclockwise tilt, the eye that was occluded yielded 
an aftereffect of 2.51°. In this case the greater effect was obtained 
with the occluded eye. This difference, however, was not signifi- 
eant (t .174, df 7). Interocular transfer of monocular adaptation 
to tilt appears to have been quite complete. 

A direct statistical comparison between the mean effect obtained 
in Group I as a result of the clockwise (and simultaneous counter- 
clockwise) exposure to a rotated visual field and the mean effect 
obtained as a result of monocular clockwise exposure in Group II 
indicates that this difference was significant at the .05 level for a 
one-tailed test (t = 1.84, df 30). The same comparison between 
Groups I and II for counterclockwise exposure indicates that the 
mean differences came close to significance at the .05 level for a 
one-tailed test (t = 1.05, df 30; with 30 df a t of 1.69 is necessary 
for significance at .05). Thus the effect of exposure to either a clock- 
Wise or counterclockwise rotation was somewhat greater when that 
exposure occurred monocularly and the other eye was occluded than 
When it occurred binocularly concomitant with exposure to op- 
Posite rotation. The fact that approximately complete interocular 
transfer occurred with monocular exposure provides strong evidence 
9f eye-dependent adaptation with exposure to opposite visual-field 
Totations. We may assume that the evidence of eye-dependent adap- 
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tation obtained represents a change over and above an inhibition 
of transfer. Thus, if in the monocular exposure conditions one eye 
adapts to clockwise field rotation and comes to see & line tilted 
L7? clockwise as vertical, the other eye also perceives a line 
tilted approximately 1.7° clockwise as vertical. In the case of 
exposure to opposite rotation, the only evidence of transfer was the 
decrease in the magnitude of the effects as compared to a monocu- 
larly exposed observer. Under these conditions one eye comes to 
see a line tilted clockwise, while the other eye comes to see a line 
tilted counterclockwise as vertical. The fact that the absolute ef- 
fects were smaller in the binocular conditions is, most probably, 
evidence of the interaction of the two eyes, which was most clearly 
seen in the magnitude of the interocular transfer in the monocular 
condition. 

The occurrence of complete interocular transfer in monocularly 
exposed observers might seem to argue against eye-dependent 
learning, since when only one eye was exposed both eyes demon- 
strated equivalent learning. However, the occurrence of apparent 
eye-dependent learning in Group I argues against such a view. It 
may be that the eyes will normally behave and learn conj ointly, but 
are capable of independence. Thus when visual input creates the 
conditions that make independence appropriate, independence is 
demonstrated. The data obtained supports some such view. 

An examination of the effects obtained in Group III, for which the 
binocular exposure to opposite field rotations was under stationary 
conditions, indicates both the degree to which the effects obtained 
in Groups I and II were the result of movement-produced informa- 
tion and the extent to which these effects might be attributable 
to configurational aftereffects of the kind studied by Gibson and 
Radner and by Köhler and Wallach (Table III).29 Again all data 
from the clockwise- and counterclockwise-exposed eye were pooled 
into two groups, a clockwise and counterclockwise group. The 
mean difference between pre- and posttest judgments of the vertical 
for the clockwise-exposed eye was .12° (t = .31, df 7) and for the 
counterclockwise-exposed eye this difference was .05? (t — 12, 
df 7). Neither difference was significant. Thus, we conclude that 
the changes of apparent two-dimensional orientation for Groups 


20J. J. Gibson and M. Radner, Adaptation, after-effect, and contrast 1? 
the perception of tilted lines: I, Quantitative studies, J. EZP. Psychol, 
20, 1937, 453-467; W. Köhler and H. Wallach, Figural after-effects; An !* 
vestigation of visual processes, Proc. Amer. phil. Soc., 88, 1944, 269-357. 
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TABLE III 


STATIONARY ADAPTATION TO OPPOSITE VisuAL-FrELD ROTATIONS 


Group III-CWL Group III—CWR 


Left eye Right eye Left eye Right eye 


i S 

1 -.5 +.9 5 

2 +.6t —2.4t 6 

3 +.9t 41.5 7 

4 +1.4t —.5t 8 
x +.6t —.06t 


Note: All scores in di i 
t Direction of change nonadaptive. 


I and II were not the results of configurational adaptation but a 
function of movement-produced sensory information.” 


Adaptation to inclination. An analysis of variance revealed that 
there was no significant difference in the magnitude of adaptation to 
inclination, measured after 20 min. of exposure, between the two 
conditions of exposure in Group I or between the several test orders. 
Therefore, the data from Group I were pooled. Table IV reports the 
amount of adaptation to inclination first after 5 and then after 
20 min. of exposure for Group I. 

No inclination data are reported for Group III, since those ob- 
servers in this condition who were exposed to a simultaneous 5° 
counterclockwise and clockwise tilt over their left and right eyes 
respectively made judgments of inclination prior to prism exposure 
that were approximately 6° below the mean judgments in all other 
groups. The other observers in Group III, who were exposed to a 5° 
clockwise and counterclockwise tilt over their right and left eyes, 
showed a mean adaptive change in apparent inclination of .25° 
after 5 min. of exposure and a mean change in nonadaptive direction 
of .05? after at least 20 min. of exposure. These changes are clearly 
not significant.?? 

In order to determine whether any changes had occurred in the 


21 The absence of any two-dimensional figural aftereffect or normalization 
of tilt is perhaps not surprising, since simultaneous opposite binocular tilts of 
the visual field hardly seem ideal conditions for eliciting such changes. 

22 The absence of any three-dimensional figural aftereffect or normalization 
may seem surprising, but it is consonant with the results of earlier studies 
in which the observers were permitted to view a natural environment rather 
than a single line or figure; see Mack (n. 14 above). 
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TABLE IV 


ADAPTATION TO INCLINATION 


——————————————————————————— 


Group I—CWL Group I—CWR 

Ss After 5 min. After 20 min. S After 5 min. After 20 min. 
1 9.3 13.50 13 12.2 21.8 
2 —2.0* 4.50 14 4.7 15.0 
3 4.5 3.75 15 4.4 10.4 
4 9.9 .90 16 6.7 16.7 
5 10.9 15.90 17 4.8 10.8 
6 5.0 7.87 18 9.5 13.5 
7 —2.3 19.70 19 12.6 22.0 
8 5.3 9.00 20 11.3 28.7 
9 6.25 11.75 21 10.2 14.0 
10 11.3 22.50 22 8.7 6.0 
11 3.75 —6.0 23 3.6 10.4 
12 6.62 3.87 24 P 9.6 

Xx 71 8.93 7.4 14.9 


Note: All scores in di k 
* Direction of change nonadaptive. 


relation between retinal disparity and perceived inclination, an 
observer’s judgments of upright made prior to prism exposure were 
compared with his judgments after 5 and at least 20 min. of ex- 
posure. A change was considered adaptive if it was in the direction 
of prism inclination, A clockwise rotation over the right eye and 
counterclockwise rotation over the left eye produced an apparent 
backward inclination of an objectively upright line. The reverse 
rotations produced an apparent forward inclination. 

After 5 min. of exposure, 22 of the 24 observers showed signifi- 
cant adaptation (t = 17.36, df 23, a .001). There was a mean 
adaptive change in the perceived stereovertical of 6.66°. After 20 
min. or more (up to 40 min.) of exposure, 23 of the 24 observers 
adapted. The measured mean adaptive change was 12.42? (t = 
840, df 23 « .001). The difference between the mean change after 
5 and 20-- min. of prism exposure was significant (£ = 4.30, df 20 
a .001). Thus there is evidence of an adaptive change in the rela- 
tionship between disparity and perceived inclination, so that a line 
inclined in the direction in which the prisms were inclining appea 
upright after prism exposure. There also appears to be evidence 
that this change grows over time. Because interocular transfer 
was nearly complete in the monocularly exposed observers, there 18 
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no reason to expect a change in perceived inclination. There was 
none. 


Cyclotorsion. The data on cyclotorsion were assessed in terms of 
whether the torsion that occurred could account for changes in 
apparent monocular tilt or binocular inclination adaptation. If 
cyclotorsion were the basis of the eye-dependent adaptation to 
tilt, then the cyclotorsion would have to be in the direction of the 
imposed prism rotation. That is, if the left eye was exposed to coun- 
terclockwise rotation and evinced an adaptive change in the per- 
ception of vertical after that exposure, there would have to be 
evidence of a counterclockwise rotation of that eye in order for 
cyclotorsion to be considered the basis of the adaptive change. In 
Group I the amount of cyclotorsion measured in the eye exposed to 
clockwise rotation was .03° clockwise (t = .53, df 8). Measured 
in the eye exposed to counterclockwise field rotation, it was .02° 
clockwise (t = .45, df 11), which is a change in the wrong direction. 
Thus, there was no significant cyclotorsion during the testing of 
adaptation to tilt. Since the correlation between adaptation to tilt 
and measured changes in eye position was trivial (the correlation 
between adaptation to clockwise tilt and cyclotorsion in 
Group I was .04; between adaptation to counterclockwise tilt and 
cyclotorsion it was .06), we infer that the changes in eye position 
that did occur were the result of random eye movements and that 
the eye-dependent adaptive effects obtained were not a function 
of cyclotorsion. 

The data also indicate that there was no significant cyclotorsion 
during testing for changes in perceived tilt following monocular 
exposure to tilt. After monocular exposure to rotation, the observers 
in Group II subjected to clockwise rotation demonstrated a mean 
change in eye position of .06° clockwise (t = 48, df 3). The ob- 
Servers subjected to counterclockwise rotation in that group demon- 
strated a mean change in eye position of .09° counterclockwise 
(t = .86, df 4). Thus, eyclotorsion does not appear to have been the 
Source of adaptation to tilt. 

In order for cyclotorsion to account for the changes in perceived 
upright following exposure to simultaneous opposite rotations of the 
Visual fields, not only would the eyes have to rotate in opposite 
directions, but the sign of the difference in the direction would 
have to be dictated by the nature of the imposed disparity. That is, 
if the right eye was exposed to clockwise and the left eye to 
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counterclockwise rotation, the right eye would have to rotate clock- 
wise and the left eye counterclockwise in order for cyclotorsion to 
account for adaptive changes in perceived inclination following 
prism exposure. The cyclotorsion data obtained during testing 
sessions in which the observers set the luminous test line to the 
apparent upright were analyzed in two ways. First, the data ob- 
tained from each eye were examined; and second, the difference be- 
tween the position of the left and right eye was calculated (CLRC). 
After 5 min. of exposure the eyes subjected to clockwise rotation 
showed a mean cyelotorsion of .005° clockwise (t = .06, df 11). 
After 5 min. of exposure the eyes subjected to counterclockwise ro- 
tation showed a mean cyclotorsion of .05° counterclockwise (t = 
82, df 11). After at least 20 min. of exposure the eyes subjected 
to clockwise rotation showed a mean cyclotorsion of .08° clockwise 
(t = 1.27, df 13). After at least 20 min. of exposure the eyes 
exposed to counterclockwise rotation showed a mean torsion of .09° 
clockwise (t = 1.45, df, 12), a change in the wrong direction. 
[ Sinee the angular relationship between the position of the eyes 
is directly relevant to the magnitude of angular rotary deviation 
between the images and, therefore, is directly relevant to perceived 
inclination, the change in angular relationship was established by 
combining the cyclotorsion measured in one eye with that of the 
other eye (CLRC). This directional difference was considered posi- 
tive when the difference in direction of rotation was in the pre- 
dicted direction. Thus for Group I-CWL the left eye was expected 
to show a greater clockwise change than the right eye, and for 
Group I-CWR the reverse was expected. After at least 20 min. of 
exposure there was an angular deviation between the two eyes of 
004° in a direction opposite to that predicted by a cyclotorsion 
explanation of adaptation to inclination (t = .039, df 12). There 
was a correlation of .17 (£ = .054, df 11) between the magnitude 
of angular deviation between left and right eye and the measured 
adaptation to inclination after 20+ min. of prism exposure. We 
therefore conclude that cyclotorsional movements of the eye were 
not the source of adaptation to imposed distortions of inclination. 
Indirect evidence for this conclusion is the fact that there was 
no apparent adaptation to either inclination or (frontal) tilt in 
the case of the Group III observers, who were exposed to simulta- 
neous opposite tilts while stationary. If cyclotorsional movements 
were the source of the adaptive changes, either to opposite tilt or t 
inclination distortions or both, adaptation should have occurred 85 
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readily under stationary exposure conditions. The fact that there 
were no measured adaptive changes obtained for Group III sug- 
gests that something other than cyclotorsional movements was the 
basis for the changes occurring in Groups I and II. There is no reason 
to assume that for cyclotorsion to occur an observer must be mobile. 


DISCUSSION 


The results demonstrate a change in monocularly perceived tilt 
and binocularly perceived inclination after exposure to 5°, opposite 
rotations of the monocular visual fields. The eye-dependent changes 
in apparent two-dimensional orientation were smaller than changes 
in apparent two-dimensional orientation obtained in monocularly 
exposed observers, but clearly demonstrated eye-dependent percep- 
tual learning. 

The changes in the perceived upright were such that after at least 
20 min. of binocular prism exposure a line inclined 12.42° from the 
objective upright appeared upright. From Ogle’s formula, given 
above, we may infer that a line placed directly before an observer 
and inclined 12.42° produced a geometric angular rotation of .91° 
between images of that line. Since, according to Ogle, the angular 
deviation between images of an inclined line is—in the absence of 
cyclotorsional eye movements—equivalent to the retinal disparity 
occasioned by that line, and since there was no evidence of cyclo- 
torsion, we may conclude that as a result of exposure to opposite 
visual-field rotations, a disparity of .91°, which is normally as- 
sociated with the perception of inclination, was associated with 
the perception of upright.” This represents a significant recalibra- 
tion of the relationship between disparity and perceived depth, 
and is consistent with other reports indicating the lability and 
modifiability of this relationship. 

The fact that the relationship between perceived depth and 
retinal disparity was subject to recalibration raises a question about 
the concept of corresponding retinal points. Normally an objec- 
tively upright line placed directly in front of an observer stimu- 
lates corresponding points on the retinas of the two eyes. If this 
line is luminous and viewed in an otherwise dark room, so that the 
inference that apparent line orientation is strictly a function of 


23 A disjunctive cyclotorsion of .91° was well within the range of sensitivity 
of the measurement procedure, which was accurate to within 08°. 
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retinal image orientation is valid, then the generally accepted 
explanation of why this line appears upright is that the images to 
the two eyes fall on corresponding and therefore nondisparate 
retinal points. Corresponding retinal points are sometimes de- 
fined as those points on the retina of one eye which would coincide 
with the points on the other eye if one retina were superimposed 
on the other.?* Given this description, retinally corresponding points 
are equivalent to physically corresponding points. Yet, if retinal 
correspondence is based on physical correspondence, how can the 
set of retinally corresponding points ever be changed? Prior to binoc- 
ular prism exposure to counterrotated monocular visual fields, à 
luminous line viewed in the dark and inclined away from the ob- 
server appears inclined. The perceived inclination is said to follow 
from the retinal disparity between the images of that line. The 
image to the left eye falls clockwise, and on the right eye counter- 
clockwise, of true retinal vertical. Thus, noncorresponding retinal 
points are stimulated. After exposure to clockwise rotation over 
the left eye and counterclockwise rotation over the right eye, a line 
inclined toward the observer—so that the image to the left eye is 
91° clockwise of the image to the right eye—looks upright. Phys- 
ically disparate retinal points now correspond. This being the 
case, the equating of corresponding retinal points with physically 
corresponding points must be revised. There must be some other 
criterion that defines correspondence. 

Ogle’s definition (n. 11) seems more appropriate. He defines cor- 
responding retinal points as points which give rise to the “same 
primary visual direction,” or “primary subjective direction” (p. 
103). This definition seems to be consistent with the data indicating 
a recalibration of the depth-disparity relation. As a result of the 
adaptation to oppositely rotated prisms, retinal directions give rise 
to altered subjective directions and thus effect a change in the 
set of corresponding retinal points.% Ogle, however, appears to | 
believe that the set of retinally corresponding points is a "pre- 
formed and stable arrangement." Given the outcome of this and 
other experiments, such a view seems untenable, The set of retinally 
corresponding points appears modifiable. 


24 J. Hochberg, Perception, 1964. 

* Adaptation to monocular visual-field rotation appears to involve ? 
change in the association between retinal and egocentric direction; see A. 
Mack and I. Rock, A re-examination of the Stratton effect: Egocentne 
adaptation to a rotated visual image, Percept. & Psychophys., 4, 1968. 57-62. 
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The fact that there was no evidence of cyclotorsion in ob- 
servers who showed adaptation to the imposed distortions of orien- 
tation would seem to rule out an oculomotor account for at least 
this kind of perceptual adaptation. In order for cyclotorsion to have 
accounted for the adaptive changes in the perception of upright 
(an adaptation which seems most appropriate to cyclotorsional 
explanation), the eyes would have to have rotated .91? in the oppo- 
site directions. In fact, the recorded mean combined cyelotorsion 
(CLRC) was .004°. 

Because the absence of any evidence of cyclotorsional eye move- 
ments seemed surprising, cyclotorsion was measured in normal 
(nonadapted) observers while they inspected a line inclined 15? back- 
ward, an objectively upright line, a line subjectively upright, and 
a line inclined forward by 6°. Analysis of the photographs taken 
during these observations revealed no evidence of disjunctive cy- 
elotorsional eye movements during inspection of an inclined line. It 
therefore appears that inspection of an inclined line was not a 
sufficient condition for disjunctive cyclotorsion. This finding, 
while in itself surprising, makes the data indicating no cyclotorsion 
in experimental observers less surprising. Our findings are in full 
agreement with those reported by Howard and Templeton, who 
after photographing the eyes of observers viewing a line inclined by 
10° found that “not one of the three [observers] showed any evi- 
dence of a significant mean change of the torsional position of the 
eye that could be related to the angular position of the stimulus 
line,”26 

In sum, because cyclotorsion did not occur and because we 
failed to get evidence of adaptation to either two- or three-dimen- 
sional distortions of orientation in observers who were not per- 
mitted to move about during binocular prism exposure, we conclude 
that eye-dependent perceptual learning did occur and that exposure 
to oppositely rotated visual fields led to adaptive changes in the 
relation between retinal disparity and perceived depth. 


"I P, Howard and W. B. Templeton, Visually induced eye torsion and 
tilt adaptation, Vis. Res, 4, 1964, 433-437. 


THE EFFECT OF SEPARATION BETWEEN TEST AND 
COMPARISON OBJECTS ON SIZE CONSTANCY 
AT VARIOUS AGE-LEVELS 


Ricnano W., Batstrw and H. W. Lemowrrz, 
Pennsylvania State University 


Abstrect. The effect of separation between test and comparison stimuli 
on wise constancy at various distances was determined for children and 
adults. Separation slightly reduced the tendency toward size constancy at 
the longer distances. The data are interpreted as supporting the assumption 
that size constancy and the Ponzo illusion share common mechanisms, since 
the developmental size-distance function is independent of whether the come 
parison is successive, as in most size-constancy experiments, or simultaneous, 
13 in the Ponzo illusion. 


A number of investigators have suggested that size constancy 
and the Ponzo perspective illusion share common mechanisms.! Spe- 
cifically, it is assumed that one of the factors underlying size 
constancy is that subjects make depth inferences from converging 
lines, which are ordinarily associated with distance in the normal 
environment. When converging lines are presented in the two- 
dimensional Ponzo figure, distance is falsely indicated, resulting 
in an inappropriate correction of the upper or ‘more distant’ line 
of the Ponzo figure. Evidence for this hypothesis is presented 


by the similar increase in both measures as a function of chronologi- 
cal age? 
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However, one criticism which might be leveled at this argument 
is that when one views the Ponzo figure, both elemente to be com- 
pared are visible simultaneously, while in almost all sise-contrary 
experimenta, including those referred to above, the test and compari- 
son objects are separated by 90° and are therefore necessarily viewed 
successively. In order to determine whether viewing angle is in fact 
à variable in the developmental function of size constancy, the pres- 
ent study was planned to investigate both simultaneous and sue- 
cessive comparison. This was accomplished by positioning the test 
and comparison stimuli at an angular separation of 5.75* (Le, 
simultaneous comparison), in addition to the more conventional 


90* separation. 


METHOD 


Stimuli. The test objects consisted of white diske 3.0, 60, 120 and 240 
in. in diameter, which were viewed at 25, 50, 100, and 200 ft, respectively, 
from O. Thus, the visual angle subtended by each test 
at 57°. The test objects were mounted on vertical wooden supports con- 
structed so that not only the disk but the frame and base were proportional 
to viewing distance. The disks were painted 
While supports and bases were 
tails of the construction of the stimuli have 
comparison stimuli consisted of 
(reflectance, 722%) and ranging in size from Sin. to 330-in. 
(n i-in. steps up to 7 in. and in l-in. steps thereafter). The 

against a 4 X 8 wi 
Paper (reflectance, 85%). 
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the test and comparison 
Which served as the control 
90* from each other and 
order to alternately view 
mental condition, the angle between test and comparison stimuli was 
made as small as possible. Because of the width of the background against 
Which the comparison stimuli were viewed, this minimum angle was 575*. 
The comparison stimuli were located 25 ft. from the O. Each O viewed the 
test stimuli at all four distances. 


Procedure. The testing was carried out in a local playground on warm, 
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* H. W. Leibowitz and R. A. Dato, Visual size-constancy as a function of 
Ne for tenants and permanently monocular observers, this JoURNAL, 
, , 279-284. 
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sunny days between 1:30 and 3:30 P.M. DST, with the sun at the O's back. 
The Os were 36 children (ranging in age from 5 to 12 years) who frequented 
the playground, and 12 university students. Of these, 18 children and 6 
students formed four age-groups of six subjects each to provide the data 
for the experimental condition. (5.75? separation). The remaining 18 children 
and 6 college students made up four groups for the control condition (90° 
separation). Assignment to experimental or control groups was on a random 
basis. All Os were free from visual defects, and there were equal numbers 
of males and females in each age group. The mean ages of the four 575* 
groups matched the mean ages of the four 90° groups. 

The children were asked if they wanted to ‘play a game,’ by a female as- 
sistant. The O was then escorted from the main playground area to the 
testing area out of view of the other children. The task as explained to the 
O was simply to indicate which of the two circles was ‘bigger.’ No time 
limit was placed on the O, and the test was completed in approximately 
20 min. 

In order to make sure that the O understood the instructions, the first 
comparison stimulus presented was clearly larger or smaller than the test 
stimulus. This was followed by another comparison chosen to elicit the | 
opposite response. This procedure was repeated several times until it was 
clear that the O understood the instructions, after which the difference 
between stimuli was systematically decreased. With this procedure it was 
possible to determine the size of the comparison stimulus at which the 
transition from smaller to larger occurred and from which thresholds were 
calculated. The response 'equal' was allowed when offered. The matching 
value was taken as the midpoint of the uncertainty interval of the O's 
responses. It was not necessary to present all possible comparison stimuli 
to the O on a given trial, since typically the transition was between suc- 
cessive stimuli in the series. 


RESULTS 


The results are plotted in Figure 1 as matched size as a function 
of test-object distance for the various age-groups and the two 
separation conditions. For both separation conditions, the pattern 
observed in previous studies was replicated; that is, the various 
age-groups made similar matches at the short observation distance, 
but with increasing distance the children showed less tendency t0- 
ward constancy than did the adults. The younger the children, 
the more their matches deviated from size constancy at the longer 
observation distances, 

Of particular interest is the comparison between the two separa- 
tion conditions. It ean be observed that for the groups of children 
(6.0, 9.4, and 12.5 years) the matches for the 90° separation were 
generally lower than for the corresponding age-groups with the 
5.75° separation, but only at the longer distances. 
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Fic. 1. Matched size as a function of distance at various age-levels for two 
separations between test and comparison objects 


Analysis of variance revealed that the tendency toward constancy 
increased with age (F = 8.5, df = 3,40, p < .01). The distance 
of the test object was highly significant (F = 675.5, df = 3, 120, 
p < .001), and the interaction of age and distance was also sig- 
nificant (F = 8,6, df = 9, 120, p < .01). The main effect of the 
two separations reached only the .1 level (F = 3.8, df = 1, 40), 
while the interaction of separation and distance reached the .05 
level (F = 28, df = 3, 120). Other interaction effects were not 
Significant. 


DISCUSSION 


The principal result of the present study is that the tendency 
toward size constancy increases as a function of age and inde- 
Pendent of the angle of separation. This increase, however, was 
found to be slightly greater at the longer distances for subjects who 
observed at the 5.75° separation than for those who observed with 
the more conventional 90° separation between test and comparison 
objects. Thus, the previous finding that size constancy improves 
With age for distant but not for near objects was here replicated 
for two angles of separation. These data also are consistent with 
the reasoning that the Ponzo illusion and size constancy share 
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common mechanisms, since it has been shown that the relationship 
of size constancy and age was independent of whether the test ob- 
jects were viewed simultaneously, as is the case for the Ponzo 
illusion, or viewed successively. 

It is interesting to speculate why the observers produced a greater 
tendency toward size constancy at the longer distances with a smaller 
separation between the test and comparison stimuli. A number of 
studies, which separated the test and comparison objects in the 
vertical dimension and used adults as subjects, reported that ob- 
jects viewed overhead are underestimated in relation to objects 
viewed in the horizontal plane.* Van de Geer and Zwaan suggested 
that "the use of size and distance cues is learned mainly in situa- 
tions where [the observer] looks straight ahead at objects in the 
horizontal plane; .. . when [he] is looking with extreme angle of 
regard, or finds himself viewing in unusual spatial directions, he 
makes less optimal use of the cues available" (n. 4; p. 571). Data 
supporting this hypothesis have been provided by Leibowitz and 
Hartman for children's observations in the vertical plane. In line 
with this interpretation, it would be expected that since one has 
generally more experience comparing distant objects viewed straight 
ahead than at a 90° separation, matches made between spatially 
adjacent objects should be more accurate than when the objects 
to be compared are separated angularly. The general principle 
suggested by these results is that separation of test and comparison 
objects produces a diminution of the tendency to size constancy in 
situations in which the cues are poor or have not been completely 
learned by the observer, 


*E. Schur, Mondtüuschung and Seh rossenkonstanz, Psychol. Forsch, 1, 
1926, 44-81; J. P. Van de Geer and E. i Zwann, Size-constancy as dependent 
upon angle of regard and spatial direction of the stimulus-object, this 
JOURNAL, 77, 1904, 563-575; Ching Chi-cheng, Peng Jui-hseung, Fang Yun- 
chiu, and Lin Chung-hsien, Acta Psychol. Sinica, 24, 1963, 175-185. 

, * H. Leibowitz and T, Hartman, Magnitude of the moon illusion as a func 
tion of the age of the observer, Science, 130, 1959, 569-570. 


COVERT ORAL BEHAVIOR AS A FUNCTION OF 
QUALITY OF HANDWRITING 


F. J. McGuiaan, Hollins College 


Abstract. Two experiments were conducted in which subjects wrote words 
or engaged in comparable nonlinguistic (control) tasks. It was found that 
both covert oral behavior and breathing rate, but not covert nonoral be- 
havior, were significantly greater during the linguistic task. Furthermore, 
amplitude of covert oral behavior varied inversely with the quality of 
handwriting. The interpretation is that covert oral behavior is beneficial in 
the performance of language tasks. 


There is considerable evidence that subjects make covert oral 
responses when engaged in a variety of language tasks. For in- 
stance, heightened levels of electromyograms (EMG) have been 
recorded from several oral regions (tongue, lips, or chin) when sub- 
jects silently read prose, when they listened to prose, when they 
solved problems, and when they thought about abstract terms 
such as ‘electrical resistance." 

Handwriting is a linguistic activity for which associated covert 
behavior has been less extensively studied. The implication from 
the performance on other linguistic tasks is that subjects would 


Received for publication September 5, 1968, Edited by Professor E. B. 
Newman. The research reported herein was performed pursuant to a con- 
tract with the United States Office of Education, Department of Health, 
Education, and Welfare, under the provisions of the Cooperative Research 
Program. The author thanks Douglas Gresham, Susan Guthrie, Marty 

uller, Norman Ostrov, and Ronald Savukas for their help in collecting 
and analyzing data. 

1A. W. Edfeldt, Silent Speech and Silent Reading, 1960, 153; F. J. Mc- 
Guigan, B, Keller, and E. Stanton, Covert language responses during silent 
Teading, J. educ. Psychol, 55, 1964, 339-343; F. J. McGuigan and W. I. 
Rodier III, Effects of auditory stimulation on covert oral behavior during 
Silent, reading, J. ezp. Psychol., 76, 1968, 649-655; A. A. Smith, R. B. Malmo, 
and C. Shagass, An electromyographic study of listening and talking, Canad. 
J. P. sychol., 8, 1954, 219-227; H. Wallerstein, An electromyographic study 
9f attentive listening, Canad. J. Psychol., 8, 1954 228-238; L. A. Novikova, 
"lectrophysiological investigations of speech, in N. O'Connor (ed.), Recent 
Soviet Psychology, 1961, 210-226; E. Jacobson, Electrophysiology of mental 
Activities, this JounnaL, 44, 1932, 677-694. 
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make covert oral responses during cursive writing, too. Further- 
more, since it has been found that poor readers have a higher level 
of covert oral behavior during silent reading than do good readers? 
it could be supposed that covert oral behavior during handwriting 
would be greater for poor writers than for excellent writers. This is, 
in fact, precisely the conclusion that Lepley reached, though 
Lepley did not use direct measures of covert behavior during 
writing? Rather, he classified his subjects according to whether they 
said that they subvocalized when writing words. He found that 
those who said they did subvocalize had a poorer quality of writing 
than did those who said they did not. 

Lepley’s interpretation of his findings was that when “implicit 
speech accompanies cursive writing, the motor rhythm and har- 
mony thereof are disturbed,” though he recognized that the influ- 
ence may be in the reverse direction—“that individuals deficient in 
motor coordination may attempt to support and guide their acts 
of skill with symbolic action” (p. 599). Lepley’s quandary is typi- 
cal of those who are concerned with covert speech during the per 
formance of language tasks, and there is considerable controversy 
about the function of such behavior In addition to the possibili- 
ties that covert oral responses are detrimental to the performance 
of a linguistic task, or that they facilitate the reception and pro- 
cessing of linguistic stimuli, it is also possible that they are merely 
one aspect of a heightened state of general arousal. It is, therefore, 
important to compare covert activity during cursive writing with | 
such activity during a comparable motor task that does not involve 
language, such as the drawing of ovals. Furthermore, relative 
changes in oral and nonoral behavior during the performance of & 
language task should be studied in order to ascertain whether it is 
the Speech mechanism per se that is involved. If covert oral be- 
havior is greater during the performance of a linguistic task than 
during a comparable nonlinguistic task, and if increases in covert 
behavior during the linguistic task are localized in the speech 
region, then it seems likely that those covert oral responses serve ? 
linguistic function. 


It was the purpose of this research to test the hypotheses that | 


? Edfeldt (n. 1), " 
* W. M. Lepley, The participation of implicit speech in acts of writings 
this JounNAL, 65, 1952, 507-599. 


- . J. McGuigan, Thinking: Studies of Covert Language Processes, 1966, 
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(a) subjects inerease their covert oral behavior during cursive 
writing; (b) amplitude of covert oral behavior during cursive 
writing varies inversely with the quality of handwriting; (c) covert 
oral behavior increases more during writing than during the per- 
formance of a comparable nonlinguistie task; and (d) changes in 
covert behavior during writing are localized primarily in the oral 
region. The results of two experiments—and one minor control 
study, see n. 11—are reported. 


EXPERIMENT I 


Method 


Subjects. The handwriting of 117 women in introductory psychology 
classes at Hollins College was rated by 30 judges. Seven Ss who had excel- 
lent handwriting were assigned to Group E, and seven who had poor hand- 
writing to Group P. Inability to cooperate later eliminated three Ss from 
Group P. 


Procedure. Lepley's procedure (n. 3) was used except as noted below. The 
Ss were brought individually to the laboratory and the following sensors 
were attached: Grass electrodes were attached to the left (nonwriting) arm 
and to the chin;5 specially constructed vacuum electrodes were placed on 
the tongue, and a bellows pneumograph about the chest. Each S then as- 
sumed a relaxed, comfortable writing position at a table and was told always 
to keep her eyes on a reading stand in front of her. The Ss briefly practiced 
Writing words and ovals prior to the experimental session. 'There followed 
three experimental periods of 1 min. each; during the first, S drew ovals; 
during the second, wrote words; and during the third, drew ovals again.® 
Cards containing words or ovals to be copied were exposed (as appropriate) | 
on the reading stand by removing a blank card before each period. A rest 
Period of 1 min. preceded each experimental period, and Ss were instructed 
immediately prior to each period what they were to write. So that S would 
hot move her arm, she wrote the words or ovals directly over each other 
during each period; the length of hand movement was the same for both 
conditions, The 10 words used by Lepley were supplemented by an addi- 
tional 18 of the same character for the period of writing. 


Apparatus. 'The laboratory consisted of two adjacent sound-deadened but 
electrically unshielded rooms, one for the S, and one for observation and for 


5 J. F. Davis, Manual of surface electromyography, WADC Technical Re- 
Port 59-184, Wright Air Development Center, Ohio, December 1959. 

This design was used in Experiment I to explore the relative effects of 
drawing ovals before and after writing words by the same Ss. Essentially the 
same results were obtained regardless of whether ovals preceded or followed 
st r period. For brevity, only data for the second oval period are re- 
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the recording apparatus. Each sensor led into two Tektronix 122 amplifiers 
and & Honeywell Galvanometer amplifier, all placed in series to provide an 
amplification of 10,000. Signals were recorded on a Honeywell Visicorder, 
and the EMG measures were also recorded on three coordinated audio tape 
recorders. 


Quantification of the data. The analog EMG signals from the magnetic 
tapes entered a root mean-square (RMS) voltmeter, which produced a 
d.c. signal proportional to the true RMS value of the input signal. The 
output of the RMS voltmeter was read instantancously every 5 sec. by 
a digital voltmeter and printed out on a digital recorder. These values rep- 
resent, then, root mean-square voltages at 5-sec. intervals. Values obtained 
5 sec. before and after each set of instructions were discarded. The mean 
values were computed for each S for each period and each rest session. 
Rate of respiration was quantified as number per minute.” 


Results 


We first sought to determine whether the subjects, regardless of 
their group, showed greater covert behavior during writing than 
during the (prewriting) rest session; this was accomplished separ- 
ately for each measure (tongue, chin, arm EMG, and respiration 
rate). For this purpose, mean response values during resting Were 
subtracted from mean response values during writing for each sub- 
ject. À group mean of these differences was then determined for 
each measure. Similar group mean differences were obtained by 
subtracting values during rest from the corresponding values 
during the oval periods. The resulting group means are presented in 
Table I.8 It can be seen that the amplitudes of the tongue and chin 
responses significantly increased during writing, but these responses 
did not significantly increase while drawing ovals. For example, 
the mean difference between rest and writing for tongue EMG was 
95 uv. (p < .05; a was set at .05 throughout), but for drawing 
ovals this measure increased by only 5.3 uv. (p > .05). The mean 
EMG of the nonwriting arm did not significantly increase during 
writing or during the drawing of ovals. Breathing rate, on the other 
hand, significantly increased during both periods. 


* For some details of these procedures, see the method used in the second 
experiment of McGuigan and Rodier (n. 1). 
,' These mean differences were tested to determine whether they Were 
significantly different from zero by means of Sandler's A test. The 
— b» n the same conclusions as the paired ¢ test but is preferable 
1 tor several reasons; see F, J. McGuigan, Experimental Psychology: 
Methodological Approach (2d. ed.), 1968, 176-178. 2 
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TABLE I 


Mean RESPONSE INCREASES DURING EXPERIMENTAL PERIODS 
RELATIVE TO Rest Session: EXPERIMENT I 


Writing — 
Rest Ovals — Rest Difference 
Measure x A X A at A 
Tongue EMG (uv.) 9.5 147* 5.3 .313 4.2 .270* 
Chin EMG (uv.) 3.9 193* 4 3.537 3.5 .194* 
Arm EMG (uv.) 2.7 .965 1.1 1.29 1.6 1.600 
Respiration (per min.) y By fms Yi 1.4 .234* 1.3 .988 
Note: N = 11. 
*» «05. 


To determine whether the increase in each response measure was 
greater during handwriting than while drawing ovals, each mean 
inerease under the oval condition was subtracted from the mean 
inerease while writing for each subject; the resulting means appear 
in the difference column of Table I. For instance, the mean increase 
in chin EMG during writing was 3.9 pv., during the oval period it 
was .4 pv.; and the difference between these two values is 3.5 pv. 
(p < .05). These results indicate that subjects increased the am- 
plitude of their covert oral responses (tongue and chin EMG) sig- 
nificantly more during the writing than during the oval period. On 
the other hand, the measure of covert nonoral behavior (EMG 
from the inactive arm) did not increase significantly more during 
handwriting than while drawing ovals; nor was there a significant 
difference in breathing-rate change as a function of experimental 
Condition. 

To test the hypothesis that amplitude of covert oral behavior 
varies inversely with the quality of a person’s handwriting, the 
results in the difference column of Table I were analyzed accord- 
ing to whether the subject’s handwriting was judged to be excellent 
or poor. We can see in Table II that the means for the two mea- 
Sures of oral behavior (tongue and chin EMG) were higher for 
Group P (poor writers) than for the excellent writers (Group E); 
but t tests between groups show that the differences were not signif- 
icant (t = 72 and .62 for the tongue and chin measures respectively). 
The differences in the arm and respiration measures between Group 
E and Group P were minor and did not approach significance. 
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TABLE II 


Mean DIFFERENCE BETWEEN RESPONSE INcREASES WHILE 
WRITING AND DRAWING OVALS: EXPERIMENT I 


Group E Group P 
Measure x A X A 
Tongue EMG (uv.) 8-1 .559 6.2 .521 
Chin EMG (uv.) 2.8 222* 4.7 565 
Arm EMG (uv.) 1.9 2.48 de 3.08 
Respiration (per min.) 1.3 .656 1.2 1.320 
* €-.05. 
EXPERIMENT II 
Method 


Subjects. Groups P and E contained eight Ss each, selected from a larger 
group of 90 college students (women) as in Experiment I. Two additional 
(overlapping) groups of eight Ss each were also formed such that one group 
consisted of Ss who said that they subvocalized and one group of Ss who seid 
that they did not. 


Procedure. The order of the writing and the oval periods was counter- 
balanced for each group, so that half of each group wrote words before they 
drew ovals, while the remaining half drew ovals before they wrote words. 
The same measures of covert responses were recorded as for Experiment 
I except that leg EMG was substituted for arm EMG and that electroen- 
cephalographic (EEG) measures from the right motor area (C-4) were taken. 
All other procedures of Experiment I were employed, including rest se | 
sions prior to each experimental period. | 

Apparatus. The laboratory consisted of subject rooms and a central ap- 
dohien (control) room, all with built-in high-permeability steel and mag- 
netic liners to effectively shield radio and low-frequency signals. The ampli- 


fiers were the same as for Experi i ded on an 
RE RO — RM I, but all signals were recor 


Quantification of the data. The analog EMG and EEG signals from the 
tape recorder entered an RMS voltmeter, as before; the resulting signals 


„° These groups were formed on the following basis. Two Ss from Group 
E and two from Group P said that they subyocalized during cursive writ 
ing; four Ss from Group E and two from Group P said that they did not. 
The remainder classified themselves as ‘doubtful.’ Consequently, four a% 
ditional Ss who said that they subvocalized and two who said that they 
did not were randomly selected from the larger group of 90 Ss in order to 
form the two additional groups of eight Ss each who snid that they did ^" 
did not subvocalize. 
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entered a voltage-to-frequency converter which could vary between 0 and 
10,000 counts/sec, and thence to an electronic counter which counted the 
frequency for each 10-sec. period. The resulting frequency was converted to 
a binary-coded decimal signal that was printed out on a digital recorder; 
this value is & mean integrated voltage and provided the amplitude of 
each measure for each 10-sec. interval of the experiment. The values of the 
first and last 10 sec. of each experimental period were discarded, and means 
for each period were computed using the remaining values. At the con- 
clusion of the experiment, each S was requested to make overt responses 
involving each measure being recorded; the maximum value for a 10-sec. 
interval during the experiment was ascertained, this usually when $ inten- 
tionally made the overt response. Similarly, the minimum value for a 10-sec. 
period was determined for each S. These data were then used to compute a 
ratio for each S as follows:!9 


X — minimum 
Ratio — : 
Maximum — minimum 


For example, the mean tongue amplitude (X) was computed for the writing 
period for an S, and the minimum tongue amplitude during the entire experi- 
ment for that S was subtracted from that mean; the resulting value was then 
divided by that S's maximum value for a 10-sec. interval subtracted from that 
S's minimum value. The result is a ratio that can vary between 0 and 1.0 such 
that the higher the value, the greater S's response amplitude. Lykken et al. 
(n. 10) have shown that this ratio corrects for individual differences in S's 
range of response values, and thus yields a more meaningful dependent variable 
value than that typically used. A 

In short, a mean ratio was computed for each EMG and EEG measure for 
the writing and for the oval periods for each S. Pneumograms were quantified 
by determining respirations per minute during the resting sessions and during 
the experimental periods for each S. 


Results 


Group mean ratios based on all subjects were computed for each 
experimental period for the EMG and EEG measures and entered 
in Table III. We can note, for example, that the mean ratio of 
tongue EMG for all subjects was .439 while writing words and that 
it was .293 while drawing ovals. The difference between these two 
Means (.146) was tested to determine whether the value during 
Writing was significantly different from the value during the oval 
Period. As can be observed, the subjects yielded a significantly 


10 This ratio is a simplified statement of that reported by D. T. Lykken, 
"m Rose, B, Luther, and M. Maley, Correcting psychophysiological measures 
or individual differences in range, Psychol. Bull., 66, 1966, 481-484. 
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TABLE III 


Means DURING EXPERIMENTAL PERIODS: EXPERIMENT II 


Measure Words Ovals Difference A 
Tongue EMG .439 .293 .146 .101* 
Chin EMG .430 .362 .068 .508 
Leg EMG .377 345 .032 3.440 
EEG .397 .985 .012 23.500 
Respiration 3.82 2.60 1.22 .162* 


————— — M — —— m 


Pw Respiration is rate of increase relative to rest session; others are ratios, 
*p < .05. 


higher amplitude of tongue response when writing words than when 
drawing ovals, thus confirming the results of Experiment I. While 
chin EMG was noticeably higher during the word period, this 
difference was not significant, Neither difference in the nonoral 
measures (leg EMG or EEG) was sizable or significant. Respira- 
tion rate, on the other hand, increased significantly more during the 
writing period than it did during the oval period. The differences 
between rest and experimental periods for mean integrated EEG 
were minor and not significant (for words the mean increase was 10 
pv. and for ovals it was .25 pv.). 

To study the results as a function of quality of handwriting, the 
difference scores in Table III were classified according to whether 
the subject was a member of Group P or E. That is, the ratio for 
each subject while drawing ovals was subtracted from her ratio 
while writing words, and means of these differences for Groups P 
and E were computed. It can be observed in Table IV that the mean 


TABLE IV 


DIFFERENCES BETWEEN Means Waite WRITING AND 
DnawiNaG Ovats: Experiment II 
—————————. 


Measure Group P Group E Difference 
Tongue EMG .243 82 2.36* 
Chin EMG “148 on “146 1.33 
Leg EMG .061 .009 .052 38 
ERO H —.030 ‘110 140 E 
Respiration 2.19 1.38 "$2 76 


Note: N = 8 per group. 
*» < .05. 
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tongue EMG for Group P was .243 higher while writing words 
than while drawing ovals; the difference for Group E was only .061. 
The difference between these two differences (.182) was significant, 
allowing us to conclude that the poor writers yielded a greater am- 
plitude of tongue EMG during writing (relative to drawing ovals) 
than did the excellent writers. Group P's increase in chin EMG 
was also noticeably higher than was Group E's, but the difference 
failed to be significant. There were only minor and nonsignificant 
differences between groups for leg EMG, EEG, and respiration 
rate. It may be concluded that poor writers emitted a significantly 
greater amplitude of covert oral behavior when writing words 
than did excellent writers, but they did not differ significantly as 
far as covert nonoral behavior, EEG, or respiration rate are con- 
cerned. 

The results presented in Table V were computed just as for Table 
IV, except that the classification is by whether the subjects said 


TABLE V 


DIFFERENCES BETWEEN MEANS WHILE WRITING AND 
DnawiNG Ovats: EXPERIMENT II 


Subvocalizers 
Measure ‘Yes’ ‘No’ Difference t 
Tongue EMG .170 .099 .071 1.01 
Chin EMG .036 .124 —.088 .72 
Leg EMG —.031 .141 —.172 1.30 
EEG —.060 .180 .240 1.85 
Respiration .84 1.12 —.28 .25 


Eee 


Note: N = 8 per group. 


that they do or do not subvocalize. The question here was whether 
individuals who say that they subvocalize during cursive writing 
emit a larger amplitude of covert oral behavior during writing 
than do subjects who deny that they subvocalize. No behavioral 
differences between these groups approached significance. 


DISCUSSION 


The major findings of Experiments I and II may be sum- 
marized as follows. With regard to covert oral behavior (tongue 


and chin EMG), it may be concluded that (a) the subjects signi 
cantly increased the amplitude of their covert oral responses dt 
writing but not during a control (nonlinguistic) task; (b): 
amplitude of covert oral behavior during writing was £ 
cantly greater than during the performance of the nonlangua 
task; and (c) amplitude of covert oral behavior during w 
varied inversely with the quality of a person's handwriting. Wit 
regard to covert nonoral behavior (arm and leg EMC), it may be 
concluded that (d) the subjects did not significantly increase the 
amplitude of their responses during writing or during the drawin 
of ovals, nor was there a significant difference in behavior as £ 
function of these tasks. E. 
These findings suggest the following conclusions. First, the fae 
that increased covert behavior during writing occurred in the c 
but not in the nonoral regions sampled suggests that these r 
sponses were not widely distributed throughout the body; there 
the heightened covert oral behavior was apparently not merely 
aspect of general arousal of the entire body but was relativel 
localized in the speech mechanism. Second, the findings that eov 
oral behavior was significantly greater in amplitude during wri 
than during the performance of a comparable nonlinguistie t 
indicates that those responses were intimately associated with 
performance of a linguistic task;!! the question is, in what mann 


in the reception and processing of lan PLE inv 
: guage stimuli. Nevertheless, it 

be argued that the relatively heightened tongue EMG occurred, for exam 
ha because writing words requires more variations in the direction of 


was conducted with six subjects randomly 
so he same procedures as repor ‘ 
k jects wrote words, drew ovals, or drew ele 
in counterbalanced order, Unfortunately, the subjects were not as adept 
drawing clefs as they were at the other tasks, so that drawing clefs is pi 
ably too demanding to serve as a suitable control task. Nevertheless, 
even though the Ns were too small to allow us to run meaningful te 
significance, the results were in line with those of Experiments I and II 
mean ratio for tongue EMG while writing words was 737, while for di 
clefs and ovals it was 603 and 564 respectively. These findings, taken 


N 
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Two possible functions of heightened covert oral behavior during 
the performance of a language task have been stated: that such re- 
sponses are detrimental to a person in that they interfere with his 
language proficiency; and that the heightened covert oral behavior 
is beneficial in that it facilitates the reception, decoding, or process- 
ing of incoming language stimuli. The former is the classical posi- 
tion and, with regard to subvocalization during silent reading, has 
been stated in such ways as: “Any observable form of vocalization 
... such as silent lip movement . . . retards the rate of silent reading 
[This] has been common professional knowledge since the early 
scientific studies of reading."!? Lepley, it will be recalled, inter- 
preted his findings in this manner. With regard to the present study 
the issue is: did Group P exhibit a poorer quality of handwriting 
than Group E because their relatively greater amplitude of covert 
oral behavior interfered with writing proficiency? Or do poor 
writers find writing sufficiently more exacting that they need to 
exaggerate their level of covert oral behavior in order to more ade- 
quately perform? The fact that subjects generally tend to increase 
their level of oral responding during the performance of linguistic 
tasks argues that such responses are beneficial. If they are bene- 
ficial, then it would follow that the more difficult the task, the 
greater the need to exaggerate covert oral responses. If this hypoth- 
esis is tenable, it should be possible to manipulate experimental 
conditions and observe systematic variation of the amplitude of co- 
Vert oral behavior. Several experiments have been successfully con- 
ducted with this as their purpose. For example, Edfeldt showed that 
amplitude of silent speech increases as the difficulty of the prose 
being read is systematically increased. Edfeldt’s interpretation is 
that silent speech occurs in all individuals and that it is likely 
that “silent speech actually constitutes an aid toward better reading 
Comprehension” (n. 1; p. 154). A similar result is reported by 
Sokolov, though in the translation cited he provides data for but a 
Single case; the conclusion is that amplitude of lip EMG increases 
as the subject moves from writing familiar material to unfamiliar 
(and more difficult) materiali? One further example is provided 


Ne Pe 
the fact that the difference in tongue EMG between writing words and 
wing ovals was higher for Group P than for Group E, strengthen the in- 
‘pretation that the covert oral behavior served a language function. 
d 4 A. Betts, Foundations of Reading Instruction, 1950, 450. ^ 
mecha, .N. Sokolov, Speech-motor afferentation and the problem of brain 
anisms of thought, Soviet Psychol. 6, 1967, 10. 
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by the work of McGuigan and Rodier (n. 1). These experimenters 
demonstrated that amplitude of covert oral behavior increased 
when several kinds of auditory stimulation were introduced into 
the silent reading situation. Their interpretation was that the in- 
creased amplitude of covert oral behavior facilitated silent reading, 

In short, these findings indicate that covert oral behavior is 
beneficial in the performance of linguistic tasks; it remains to more 
precisely determine the role of this class of behavior in the recep- 
tion, decoding, or processing of language stimuli. 

Previous research has shown that respiration rate increases signifi- 
cantly during silent reading.’ We have noted here that this mea- 
sure increased significantly during both the oval and writing pe- 
riods, and that the increase was significantly greater while writing 
than while drawing ovals. Since respiration is intimately involved in 
the production of speech, it may be that the relatively fast breathing 
rate during linguistic tasks occurs because subjects make covert 
language responses—because they are in fact engaged in ‘silent 
speech’ during writing and reading. 


™ McGuigan, Keller, and Stanton (n. 1); McGuigan and Rodier (n. D. 


THE EFFECT OF ACOUSTIC CONFUSABILITY 
ON VISUAL SEARCH 


Lester E. Knurazn, Harvard University 


Abstract. Subjects searched more slowly through same-sounding visual 
displays in which the letters, when pronounced, matched the vowel sound 
of the target letter (e.g., a target of C and a display of B D C V B P) than 
through different-sounding displays (eg, a target of C and a display of 
F X CS L M), indicating that subjects do form acoustic representations 
of display letters in visual search. Subjects also made more errors on same- 
sounding than different-sounding displays. Search was slowed to a greater 
extent on same-sounding (versus different-sounding) displays for subjects who 
more frequently subvocalized the target letters. 


The present experiments investigate how deeply subjects encode 
letters in a visual display while searching for a predesignated target 
letter. Specifically, they investigate whether subjects form acoustic 
representations of the display letters. Recent evidence prompted 
Sperling to postulate that visual stimuli are transferred at an early 
stage from a rapid-decay visual information store to a slower-decay 
auditory information store.t Conrad, for example, found the same 
types of letter confusions in written recall following visual presen- 
tation as he found in a listening task.? For instance, in both tasks 
letters whose pronunciation ends in é (e.g, B, C, D) tended to be 
confused with each other, as were letters whose pronunciation begins 
with é (e.g, F, X, S). Wickelgren presented items auditorily and 
similarly found that intrusions in recall among letters and between 
letters and numbers tended to follow acoustic similarity. 


Received for publication March 4, 1969. Edited by Professor E. B. New- 
man. This study was supported by a predoctoral traineeship by the United 
States Public Health Service, National Institute of General Medical Sciences, 
5-T01-GM01011-07, to Harvard University. The author is now at the City 

llege of City University of New York. 
eer A. Sperling, A model for visual memory tasks, Hum. Factors, 5, 1963, 
Ps R. Conrad, Acoustic confusions in immediate memory, Brit. J. Psychol, 

, 1964, 75-84. 

* W. A. Wickelgren, Acoustic similarity and intrusion errors in short-term 
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However, when the task is changed from recall to one involving 
the immediate report of tachistoscopically presented letters, acous- 
tie confusability no longer seems to affect performance. Glucks- 
berg, Fisher, and Monty presented very briefly three rows of six 
letters each, and immediately before or after the presentation, told 
the subject which row to report.* Letters in a particular row were all 
acoustically similar (e.g, F, S, X) or dissimilar (e.g., J, K, N). 
They also were all visually similar or dissimilar. High visual 
similarity, or confusability, led to greater errors in the subjects’ 
reports, but high acoustic confusability did not. Glucksberg, 
Monty, and Fisher used much the same experimental procedure 
and found significantly superior, rather than inferior, performance 
on rows of acoustically similar letters. They also found a significant 
interaction between acoustic confusability and visual confusability, 
"suggesting that the acoustic confusability effect may be attribut- 
able to the particular selection of visually confusable items.’* 

In visual search, which is the focus of the present investigation 
and in which the demands on immediate memory are minimal, 
much evidence indicates that subjects do not encode display let- 
ters so deeply as to form acoustic representations. Neisser’s well- 
practiced subjects could search as fast for ten target letters as for 
a single letter, and they reported afterward that they did not 
‘see’ the nontarget letters? Neisser concluded that his subjects 
processed only enough features to eliminate display letters from 
consideration and that nothing may take place “at the level of 
letter identification until the target letter appears.’”’? However, 
Neisser pressed his subjects to search ever faster, at the cost of a 
high error rate; if they had been cautioned to be accurate as well 
as fast, they might have encoded letters more fully. 

_ Sternberg eliminated error-prone subjects, yet his evidence, too, 
indicates that display characters are represented in terms of “physi- 
cal properties of the stimulus, rather than the identity or name of 


hi Glucksberg, D. F, Fisher, and R, A. Monty, Brief visual memory 98 
: mas ar visual and acoustic confusability, Proc. Amer. psychol. Assoc. 

.S. Glucksberg, R. A. Monty, and D. F. Fisher, Brief visual memory: 
Interference or decay? unpublished paper, n.d. i 

SU. Neisser, Decision-time without reaction time: Experiments in visual 
scanning, this JOURNAL, 76, 1963, 376-385; U. Neisser, R. Novick, and R. Lazar, 
Searching for ten targets simultaneously, Percept. mot. Skills, 17, 1963, 
961; U. Neisser, Visual search, Sci. Amer., 210, 1964, 94-102. 
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the charaeter.5 Sternberg found that superimposing a checker- 
board grid on display digits slowed their comparison with the 
memory image of the target letters, which indicates there was resid- 
ual degradation in the stimulus representations of the display 
digits. However, stimulus degradation impeded encoding even more 
than memory comparison; and with normal, intact display digits 
the subjects may yet form representations in terms of the name or 
sound of the character. 

Whether subjects form acoustic representations of display letters 
during visual search can be directly tested by determining whether 
subjects search slower through lists of letters which, when pro- 
nounced, sound like the target letter, than through lists of letters 
which have different sounds. That is, if the subjects form acoustic 
representations, then display letters which sound more similar to the 
target letter would be examined more fully, and longer, before 
being discarded. Increased similarity of stimuli increases reaction 
time in card-sorting tasks,? and Neisser and Beller found slower 
search when the display letters had more geometrical features in 
common with the target letter.!? 

Several studies found no effect on visual search of acoustic con- 
fusability or interference. Gibson and Yonas provided auditory 
input while their subjects were scanning down a list of 30 strings 
of four letters each. The letters presented by earphone sometimes 
were those selected for low auditory confusability with the target 
letter (G), whereas in other cases the auditory letters possessed 
high auditory confusability with the target. High auditory con- 
fusability did not slow search, though search was slowed by high 
Visual confusability with the target, and Gibson and Yonas con- 
cluded that “these results definitely weaken the hypothesis that 
visually perceived letters are encoded to acoustic representations 
as they are scanned” (p. 164). 

As Gibson and Yonas conceded, though, greater auditory inter- 
ference might have been obtained via a visual channel rather than 


*S. Sternberg, Two operations in character recognition: Some evidence 
Sn reaction-time measurements, Percept. & Psychophys., 2, 1967, 45-53, 50. 
P E. R. F. W. Crossman, The measurement of discriminability, Quart. J. ezp. 
*vchol., 7, 1955, 176-195. [ 

P U. Neisser and H, K. Beller, Searching through word lists, Brit. J. 
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via earphones. Sperling attempted, unsuccessfully, to interfere with 
his subjects’ written reports of the letters in a brief visual display, 
by turning on auditory noise or a recording of the subject’s own 
voice speaking letters (see n. 1). The auditory interference was 
very loud (90 db. SPL), yet caused very little decrease in the 
accuracy of the subjects’ reports. Sperling said his subjects could 
attend selectively to their own rehearsal, prior to reporting the 
letters, by localizing the rehearsal inside the head and localizing 
the speech interference at the ears. They also counteracted the 
auditory noise by more forcefully mouthing and speaking the 
letters before making the written response. 

Kaplan, Yonas, and Shurcliff embedded the acoustic confusability 
in the visual channel, rather than feeding in confusing auditory 
input via earphones, yet they, too, like Gibson and Yonas, found no 
effect of acoustic confusability, but a significant effect of visual 
confusability.? However, Kaplan et al. used only two target letters 
(E and K), and their subjects may have become so adept at looking 
for key visual features of these two shapes that no further encoding 
into acoustic representations was necessary. 

Chase and Posner used more than two target letters, yet they, too, 
found no effect of acoustic confusability on visual search and visual 
comparison? However, in the visual comparison task, the target 
was present during search and the subjects thus could compare the 
display shapes directly with the target shape. In the visual search 
task, the target was present for a considerable duration (10 sec) 
prior to search, and a subject thus might have formed strong visual 
Images of the targets, with no need to deal with acoustic representa- 
tions. Also, Chase and Posner presented the acoustically confusing 
population of letters (B, C, D, E, P, T, V, Z), from which both dis- 
play and target letters were drawn, to one set of subjects, and a neu- 
tral population to another set of subjects. Even though the two 
groups of subjects did not differ significantly during the practice 
day, extraneous factors might have caused those receiving the 
acoustically confusing set to search faster and thus concealed the 
effect of acoustic confusability. 


Corcoran, on the other hand, has found evidence for acoustic 


12G. A. Kaplan, A. Yonas, and A. Shurcliff, Visual and acoustic confus- 
ability in a visual search task, Percept. & Psychophys., 1, 1966, 172-174. 

13 W, G. Chase and M. I. Posner, The effect of auditory and visual com 
fusability on visual and memory search tasks, paper presented at the meeting 
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factors in visual search. Corcoran had his subjects cancel the e's 
in a prose passage, and when data on the e's in the word 'the' were 
excluded, his subjects proved significantly more likely to miss 
silent e’s than pronounced e's (15% versus 4% errors).!* Corcoran 
concluded that "the acoustic image of a word is scanned as well as 
the visual stimulus" (p. 658). In a second study, Corcoran omitted 
the e’s in certain words and had his subjects indicate where letters 
were missing. Again, the absent silent e was less likely to be de- 
tected than the absent pronounced e. Corcoran and Weening 
similarly found that omitted k’s that are silent are less likely to 
be detected than those that are pronounced.!* 

Since Corcoran used words in prose passages, his positive find- 
ings do not contradict negative findings from experiments in which 
subjeets searched through nonsense letter sequences. Pronouncing 
a word is far different from pronouncing the individual letters in an 
item. Krueger found that his subjects tended to subvocalize more 
frequently, as indicated by their postsession reports, when search- 
ing for a letter through visually presented words rather than non- 
words, and through words arranged in coherent, meaningful order 
rather than in scrambled fashion.!* 

Krueger also found sizable individual differences among subjects 
on frequency of subvocalization. Some subjects never subvocalized, 
whereas others almost always ‘heard’ the visually presented word 
and ‘listened’ for the target letter. The effect of acoustic confus- 
ability on search for a letter through nonsense items for subvocaliz- 
ing subjects may have been concealed in the experiments of Gib- 
son and Yonas, Kaplan et al., and Chase and Posner because of a 
Preponderance of nonsubvocalizing subjects. 

In the experiments reported below, subjects’ reports, obtained 
after the search session, were used to categorize the subjects as high 
or low subvocalizers. It was predicted that high subvocalizers would 

€ more slowed by acoustic confusions between target and display 
letters than low subvocalizers. Since the display letters chosen to be 
acoustically similar might also be visually similar to the target let- 


yale J. Corcoran, An acoustic factor in letter cancellation, Nature, 210, 
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ter, comparing high and low subvocalizers also allowed the visual 
factor to be excluded. That is, if visual confusability influ 
the results, the same influence presumably should be exhibited 
low subvocalizers as by high subvocalizers and thus should. 
affect the relative effect for high versus low subvocalizers. 


ment I, was increased to 18 letters in Experiment II in an ati 
to increase the effect of acoustic confusability. 


EXPERIMENTS I AND II 


Method 


Definitions. 'Seareh time' refers to the duration between onset of the 
display and S's response. ‘Target’ refers to the predesignated critical lette 
for which S searches, and ‘display’ to the row of continuously present visua 
letters through which S searches. A 'same-sounding! display is one 
letters all have a vowel sound which matches that of the target letter 
B D C T V D is a same-sounding display when C is the target). ‘Diff 
sounding' displays contain letters whose vowel pronunciation differs 
that of the target (eg, F S C X L M when C is the target). "Time sav 
for different-sounding’ indicates how much longer search took, on the ave 
te td (acoustically confusing) than for different-sounding di 
plays. 


Equipment and manner of stimulus presentation. All letters were 
letters and were illuminated on a display scope by a PDP-4 comp 
which also clocked, in milliseconds, S's search time. S sat alone, 2-25 
from the display scope, in a dim room lit by one 25-w. lamp. 

Each letter was .19 in, wide and 28 in high. A 28-in. gap separated 

letter from the next in the row in the 6-letter displays of Experim 
while a .19-in. interval separated letters in the 18-letter displays of 
ment IT. The target letter appeared 28 in. to the left of a small 
X; and 75 in. to the right of the fixation point appeared the leftmost 
of the display. A blue-pass filter eliminated a long-persistence yellow Pp 
phorescence of the display scope. 
. The S rested each hand on a separate button, pressing the right 
indicate the target was present and the left to indicate it was absent. V 
a button was pressed, an electric circuit was closed and the clock 
and the computer read and recorded the elapsed search time. 


Procedure. The Ss were instructed to search as fast as possible, and to P 
the 'yes' button as soon as they saw the target letter in the display, 
avoid making any errors. They were told to look at the X fixation po 
the target was on and not to shift their gaze to the display until it 
appeared. 
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The target letter appeared for 4 sec, after which ensued a 10-sec. 
‘blank’ period, during which only the fixation point was visible, before the 
display appeared. S’s response extinguished the display, and the screen was 
blank for 8 sec. before the target for the next trial appeared. The target 
never appeared more than once in the display and did not appear at all on 
one-fourth of the trials. When S pressed the incorrect button, the word 
‘WRONG’ appeared on the screen for 2.0 sec. 

After the search session, S was questioned on how he went about the 
search task in general. He also was asked how often he pronounced, either 
aloud or to himself, the target letter when it appeared, and how often he 
pronounced letters in the display. 


Display materials. Two types of displays were presented: displays with 
letters whose pronunciation ends in é, and those with letters whose pro- 
nunciation begins with č. To create an é display of 6 letters (Experiment I) 
or 18 letters (Experiment II), the computer sampled from a set of 8 letters 
(B, C, D, G, P, T, V, Z). Sampling was random and with replacement, but 
with the constraint that the same letter not be shown twice in a row. 
Sampling also was constrained so that the target letter was not included. 
To create an č display, sampling was from a pool of 6 letters (F, L, M, N, S, 
X). If the target letter was to be present, it replaced 1 letter in the display 
80 created. 

A possible visual artifact is that those displays which provided an auditorily 
More confusing context for the embedded target letter also may have pro- 
vided a visually more confusing context. That is, the display letters that 
Sounded more like the target letter may also have looked more like the 
target. However, confusion scores from a legibility test by Hodge!* indicate 
that when one of the 14 capital letters (8 ë and 6 č) used in the present 
experiments is presented, S is more likely to report (incorrectly) one of the 
six or eight different-sounding letters (.11% of all trials) than one of the 
six or eight same-sounding letters (00696). Thus, the same-sounding displays 
Presented an acoustically more confusing context, but seemingly not a visu- 
ally more confusing context. 


Experimental design. Each S received all conditions and thus served as 
18 own control, Eight replications of a basic set of 32 conditions yielded 256 
trials in all for each S. (Within a set of 32 trials, the various conditions were 
Sampled at random without replacement by the computer.) The 32 condi- 
tions represent all combinations of four types of target-display combinations 
and eight target locations, The eight locations consisted of two trials in which 
the target was not present; and six trials in which the target appeared once 
M each of six letter positions, which were 1, 2, 3, 4, 5, and 6 in the 6-letter 
display of Experiment I, and 3, 6, 9, 12, 15, and 18 in the 18-letter display 
of Experiment II. 
(à wu four target-display combinations consisted of two same-sounding 
& rget and ë display, č target and č display) and two different-sounding 
mbinations (ë target and é display, č target and é display). Thus, on half 


wa me Hodge, Legibility of a uniform strokewidth, J. engr. Psychol, 1, 
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the trials the display contained letters having the same vowel sound as the 
target letter. 


Data analysis. On search time, a geometric mean was taken for the 
eight replications of a particular condition. When S pressed the wrong 
button on one of the eight trials, that trial was removed and averaging 
performed on the remaining trials. All further averaging was arithmetic, and 
for each S a (mean) same-sounding search time was obtained by averaging 
the geometric means for the 16 same-sounding conditions, and a different- 
sounding search time by averaging the 16 different-sounding conditions. 
Since each S received all conditions, a single figure of merit (ie. time sav- 
ings for different-sounding displays) was obtained for each S by subtracting 
different-sounding search time from same-sounding search time, and pro- 
vided the data for a single-mean t test. A positive figure on time savings 
for different-sounding displays indicates, as predicted, that search time was 
longer when the display letters had the same vowel sound as the target, and 
thus were acoustically confusing. Lastly, since search-iime data were ex- 
cluded for trials in which S pressed the wrong button, e:rors provide an in- 
dependent measure of the difficulty of search through same-sounding and 
different-sounding displays. Because of their greater variability, errors were 
analyzed by the sign test. 


Subjects. The Ss were 10 Harvard and Radcliffe undergraduate and 
graduate students in Experiment I, and 20 in Experiment IT. 


Results 


Table I shows that in both experiments, search time was longer, 
as predicted, for the same-sounding condition (in which display 
letters had the same vowel sound as the target letter) and that as 
the target was placed farther toward the right in the display, the 
difference between same-sounding and different-sounding displays 
generally increased. The 23-msec, difference in search time be- 
tween same-sounding and different-sounding displays (823 versus 
800 msec.) in Experiment I was only marginally significant [t (9) 
= 162, p < .10, one-sided test], as was the 25-msec. difference 
(1,758 versus 1,733 msec.) in Experiment II [t (19) = 1.69, p < -10 
one-sided test]. When the data from the two experiments are com- 
bined, the longer search time for the same-sounding condition was 
significant [t (29) = 2.25, p < .025, one-sided test]. 

Similarly, the slightly higher error rate for same-sounding than 
for different-sounding displays (5.3% versus 4.5%) in Experiment 
I was only marginally significant (sign test, p = .09, for 7 positives; 
2 negatives, 1 tie), as was the difference (5.4% versus 5.2%) in 
Experiment II (sign test, p = 11, for 11 positives, 5 negatives 4 


TABLE I 


SEARCH Time BY LETTER POSITION or TARGET, FOR SAME-SOUNDING 
AND DIFFERENT-SOUNDING DISPLAYS 


Letter Time savings for 
position Same-sounding Different-sounding different-sounding 
of target (msec.) (msec.) (msec.) 

Experiment I 
1 724 737 —138 
2 734 710 +24 
3 662 671 -9 
4 737 680 +57 
5 792 762 +30 
6 855 798 +57 


not present 1,039 1,020 +19 


All trials 1,758 1,733 +25 


Note: In averaging, trials in which the target was not present received twice 
the weight of a regular letter position, reflecting their greater frequency during 
Session. N = 10 for Experiment I, N = 20 for Experiment II. 


e difference was significant (sign test, p — .02, for 18 positives, 
7 Negatives, 5 ties). 

Only 5 of the 30 subjects in the two experiments reported ever 
Pronouncing display letters, but all but 3 subjects reported pro- 
nouncing at least some of the target letters, and 10 subjects did so 
on virtually all (90% to 100%) of the trials. On the average, the 
Subjects in Experiment I pronounced 60% of the targets, and the 
Subjects in Experiment II 58%. 

Further, there was a marked association between frequency of 
pronunciation of target letters and time savings for 
sounding displays. In Experiment I, pronunciation of tar- 


Trpo: 
different. 


ties), Again, when the data for the two experiments are combined, 
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get letters correlated .11 with time savings for different-sounding 
displays. When the very discrepant results on 1 subject were re- 
moved, the correlation was .58. In Experiment II, the correlation 
was .36, and for the 30 subjects in the two experiments combined the 
correlation was .30. 

Since the correlations were not significant, a further test was 
made by dividing the subjects into two equal groups: high pro- 
nouncers and low pronouncers of target letters. In Experiment I, 
the 5 high pronouncers, who reported pronouncing 80% to 100% 
of the target letters, showed a 30-msec. time savings for different- 
sounding displays, compared with 16 msec. for the 5 low pro- 
nouncers. The difference between high and low pronouncers was not 
significant [t£ (8) = 1.11, p = .15, one-sided test]. In Experiment 
II, the 10 high pronouncers (75% to 100%) showed a 53-msec. time 
savings for different-sounding displays, compared with —4 msec. 
for the 10 low pronouncers, and the difference was significant 
[t (18) — 5.55, p « .0025, one-sided test]. The difference between 
the 15 high and the 15 low pronouncers in the two experiments 
combined also was significant [t (28) = 4.88, p < .0025, one-sided 
test]. On errors, high pronouncers did not differ from low pro- 
nouncers: 9 of the 15 high and 9 of the 15 low pronouncers had 
more errors on same-sounding than different-sounding displays. 

The subjects who more frequently pronounced the target letters 
were probably more prone to encode more fully and form acoustic 
representations of display letters, even though they denied pro- 
nouncing display letters; they would thus be expected to search 
slower in general. Search time on different-sounding displays, which 
is taken to indicate general search speed, correlated .58 with fre- 
quency of pronunciation of target letters in Experiment I and .08 
in Experiment IL Average search time was 1,484 msec. for the 


15 high pronouncers, compared with 1,385 msec. for the 15 low 
pronouncers. 


Discussion 


Visual search was faster and more accurate through letters that 
did not sound similar to the target letter than through letter 
that did, which indicates that subjects do form acoustic representa- 
tions of display letters in visual search, That the results reflet 
acoustic factors, and not some visual artifact, is indicated by t° 
greater effect for high than for low pronouncers of target le - 
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The (mean) 45-msec. time savings for different-sounding dis- 
plays among the 15 high pronouncers understates the potential 
‘Acoustic effect, because it includes trials in which the subjects did 
ot pronounce the target letter. If electromyograms had been taken, 
$0 that just those trials on which subjects actually subvocalized 
)r pronounced the target could be sifted out, acoustic confusability 
ht show a much larger effect. Electromyograms also would clear 
the question of whether the subjects actually subvocalized some 
display letters, which is implied by the slower search through 
Same-sounding than different-sounding displays, but which the 
Subjects denied doing. In any case, the subjects did not search so 
fast that they could not have been subvocalizing display letters, be- 
se Landauer reports that it takes only 3.5 sec. to say aloud the 
English alphabet;!? whereas the subjects in Experiment II took about 
2 sec. to search through 18 letters (see Table I). 
— That the subjects’ reports of target-letter pronunciation, but not 
- display-letter pronunciation, were associated with the effect of 
Acoustic confusability indicates that a necessary, but hitherto over- 
- looked, condition for demonstrating acoustic confusions in visual 
Search is that the target letter itself be encoded (by the subjects) 
‘Primarily as an acoustic representation. That is, even if display 
letters are fully encoded as acoustie as well as visual representa- 
"Mons, acoustic confusability may have no effect if the target 
etter is encoded primarily as a visual representation. Keeping one 
target letter in mind during visual search puts a minimal load on 
‘Short-term memory, and subjects may normally rely on their 
. memory of the shape rather than the sound of the target letter. If 
the subjects were to search for several letters at a time, however, 
emembering the targets would become much more difficult, as 
“Tueger found, and the subjects might revert to auditory storage, 
W hich Murray has shown to be more efficient than visual storage; 
and acoustic confusability would have a larger effect.?° 
Unexpectedly, lengthening the display from 6 letters (Experi- 
Ment I) to 18 letters (Experiment II) did not increase the effect of 
Acoustic confusability, Placing the target farther to the right gen- 
E ally inereased the time savings for different-sounding displays, 
and increasing the display length ought to have had the same effect, 


a, K. Landauer, Rate of implicit speech, Percept. mot. Skills, 15, 1962, 646. 
prese Tueger (n. 17); D. J. Murray, Vocalization-at-presentation, auditory 
sentation, and immediate recall, Nature, 207, 1965, 1011-1012. 
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yet the time-savings figures are virtually identieal for Experiments 
Iand II (23 versus 25 msec.). One possible explanation is that since 
only 8 & and é letters were drawn upon, most letters were re- 
peated several times in an 18-letter display, giving the subjective 
impression (which this investigator experienced) that the display 
recycles every 5 or 6 letters, and making the target letter, when 
it does appear, stand out visually as the only letter which has not 
been seen repeatedly. Further, when letters are presented repeatedly, 
progressively less processing may suffice to discard them at each — 
reappearance, and the subject may not continue to encode auditory 
features of a recurring letter; so again less effect of auditory con- 
{usability would be expected with a longer visual display. The 
negative findings on acoustic confusability of Kaplan et al. (n. 12) 
similarly may be due to the repetition of letters, because they used 
only 4 different letters in constructing a given display of 30 4-letter 


items. For example, one of their displays contained only the letters 
C Gr Ig 


CORRECTION PROCEDURES IN THREE-ALTERNATIVE 
VERBAL-DISCRIMINATION LISTS 
WITH INTERTRIAD ASSOCIATIONS 


Jonn H. MuxLrER and James P. PICKERING, 
University of Missouri, Columbia 


Abstract. Intertriad associative relationships were varied in three-alter- 
native verbal-discrimination lists, using either specific correction (the word 
itself) or outcome correction ('right, "wrong. All of the associative lists 
were learned faster with outcome-correction feedback than was the control 
list, in which there were no interpair associates (NA list); but with specific- 
correction feedback, only the list in which both associates were right (AR 
list) was learned faster. The facilitation with outcome correction is attributed 
to a change in the chance level of guessing for the lists in which both associ- 
ates were wrong (AW list) or in which the associates were both right and 
wrong in different pairs (AB list), and to a summation of rehearsal and 
implicit response in the AR list. The failure to find interference with specific 
correction for the AW and AB lists seemed to be a result of the ceiling effect 
that occurred because of the slow presentation rates. 


Verbal-discrimination learning has recently been explained in term 
of the subject’s ability to distinguish between the past frequency 
of experience of the right (R) and wrong (W) members of each 
Dair! It was assumed that these differences in experience were 
acquired through four types of events which contributed one ‘fre- 
quency unit’ each time they oceurred during the course of learning. 
These events were the act of perceiving an item, or the representa- 
tional response; the choice or pronunciation response during antici- 
pation; the rehearsal of the correct response during the feedback 
Interval; and the implicit associative response. The rehearsal re- 
Sponse was seen as the event initially shifting the frequency of 
experience in favor of the R term, because the representational and 


Received for publication May 18, 1970. The investigation was supported by 
lomedienl] Sciences Support Grant Fr-07053 from the General Research 
met Branch, Division of Research Resources, Bureau of Health Profes- 
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rea R. Ekstrand, W. P. Wallace, and B. J. Underwood, A frequency theory 
Verbal-discrimination learning, Psychol. Rev., 73, 1966, 566-578. 
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pronunciation responses could contribute only at random if the 
R and W terms were of comparable strength to begin with. Thus 
frequency theory assumed that the subject’s rehearsal of the correct — 
response during feedback eventually led to a difference in the num- — 
ber of times that each R term had been experienced relative to its 

W term, so that the subject could perform correctly b p 


in each pair (Rule 1). 

The implicit-response unit was considered to provide an i 
ment in experience whenever the implicit response to one 
occurred explicitly as a member of another pair (e.g, king-z 8 
queen-z as pairs). It has been found that performance was facili- 
tated if the associates both occurred as R terms (AR), but 
hindered if the associates were both W terms (AW) or if the a 
sociates served both (AB) as a W term and an R term in diff 
pairs? This was expected by frequency theory, because the 
implicit response would combine with the rehearsal response in 
AR list, would offset it in the AW list, and would largely obviate 
the use of a consistent rule in the AB list (with the ‘most frequent’ ) 
appropriate for half of the pairs and the ‘least frequent’ for the 
other pairs). When the associates were members of a second list, 
these effects were most pronounced for those subjects instructed 
about the relationships? With intrapair associates (e.g., king-queen 
as a pair), the evidence is mixed, as some studies find this pairing 
is harder than a control pairing, while other investigations find no 
difference relative to unrelated pairings. 

The present experiment attempted to further test the opera 
of the implicit-response unit within the frequency-theory fran 
work, with the effect of the rehearsal response considerably 
duced. Theoretically, the implicit response in an interpair asso¢ 
tive arrangement (eg, an AR list) could initiate the frequ 
shift toward the R terms in the manner that the rehearsal res 


? Ekstrand, Wallace, and Underwood (n. 1 above). 
* D. C. Raskin, C. Boice, E. W, Rubel, and D. Clark, Transfer tests off 
T theory of verbal discrimination learning, J. exp. Psychol. 76, 1 
, * D. S. Palermo and J. R. Ullrich, Verbal discrimination learning as a fu 
tion of associative strength between the word-pair members, J. verb. 
verb. Behav., 7, 1968, 945-952. 
oF, E. Fulkerson and D. H, Kausler, Effects of intrapair and in 
bidirectional associates on verbal-discrimination learning, J. verb. Learn. U 
Behav., 8, 1969, 307-310. ti 
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is assumed to do in lists with no interpair associates (NA), as 
described above. A rigorous test of this proposition is probably 
impossible if the implicit response can function in the manner 
proposed, since differences induced by these implicit responses will 
lead to above-chance performance. The problem is to somehow 
inform the subject of the outeome of his choice without allowing 
the rehearsal response to occur prior to the discovery of the cor- 
rect response. 

Feedback in verbal-diserimination learning has been investi- 
gated previously? but not with procedures intended to reduce 
the rehearsal response. In the present experiment, some subjects 
were told only ‘right’ or ‘wrong’ after each response; this was the 
outcome-correction condition. Other subjects were in the specific- 
correction condition; here R terms were designated during the 
feedback interval, as is commonly done by underlining. Two- 
alternative lists would always provide enough information for the 
rehearsal response to occur with either procedure, so three-alterna- 
tive lists of the AR, AW, AB, and NA constructions were used. 
Even with this procedure the subject could still randomly choose 
from the two remaining alternatives for rehearsal when wrong in 
the outcome-correction condition, so further control was sought. The 
subjects with outcome-correction feedback were required to pro- 
nounce each of the remaining alternatives when wrong, thus 
distributing at least one frequency unit to each of the three alter- 
natives on an error trial via pronunciation responses. A procedure 
Somewhat like this has been used with two-alternative NA lists. 
It should be noted that this will not completely eliminate the re- 
hearsal response, although it will not be operative for each triad 
from the very first trial as is the ease with specific-correction feed- 
back. With the outcome-correction feedback, the rehearsal re- 
Sponses can operate following correct guesses, and guessing would 
be affected by the differences induced by the implicit responses, as 
explained below, 

Certain predictions follow from frequency-theory considerations 
for lists with interpair associates under the different feedback con- 


MN Spence, The effects of verbal reinforcement combination on the 
Performance of a four-alternative discrimination task, J. verb. Learn. verb. 
oe 6, 1966, 421-498, 
learning; Kausler and R. J. Sardello, Item recall in verbal-discrimination 
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ditions, but these are most readily explained in the context of 
specific examples, as presented in Table I. The two basic lists 
used in this study are shown, and the four list conditions were de- 
rived from them as follows. 'The three left-hand columns contain 
all of the triads for the AR, AW, and AB constructions. The as- 
sociates are listed in the third column; these were the R terms for 
AR, with the other two words serving as W terms. The designated 
items in the second column served as R terms in the AB list, 
with the corresponding associate becoming one of the W terms, and 
retaining the other associates as R terms. In the AW arrange- 
ment, all of the second-column words served as R terms, with the 
associates always W terms. For the control, or NA, construction, 
the words in the right column simply replaced the associate im- 
mediately to their left to eliminate the interpair associations, with 
the third column the R terms. The basic materials were adapted 
from Ekstrand, Wallace, and Underwood (n. 1). It should be noted 
that all four groups have a common set of W terms, the words in 
the first column. 

It would be predicted that a control list without implicit re- | 
sponses (NA; formed by replacing the appropriate words in column 
three) would be rather difficult to learn with outcome-correction 
feedback, since chance (14) discovery would be the only way in 


TABLE I 
Worp Lists Uskp 


Associative triads Control words 
bird head chair 
foot, raint table carpet 
rough cleart house 
print bread home dark 
fast cold queen 
short Peppert king door 
acom sweet! needle 
shallow flower thread ugly 
hammer web road 
doctor eur]t street round 
lion smoke hill 
baby metalt mountain white 
bottom softt steal 
apple flag thief horn 
wind lowt town 
cat brand city bed 


———————————— | 
t Correct in the AB list. 
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which the R terms could be found. Once found, however, the re- 
hearsal response could occur. It might also be expected that such 
lists would involve a substantial amount of associative learning as 
well, with the subject using the association between the R term 
and the W terms as well as frequency cues.’ 

In an AR list, the presence of implicit responses should speed 
discovery, since outcome-correction feedback equalizes experience 
for triad members when the subject is wrong, with the implicit 
response occurring to benefit another triad. For example, even if 
the subject chooses head in the first triad in Table I, he must 
pronounce chair as well, so that the implicit response table can 
occur. When the second triad occurs later, table has by then been 
experienced more than foot or rain, and is more likely to be chosen 
than would be expected by chance alone. Assuming that the implicit- 
and rehearsal-response units contribute equally in terms of experi- 
ence, a group given outcome correction on AR lists might compare 
favorably to a group given specific correction on NA lists, and 
could perform better than a group given specifie correction on 
NA lists because the rehearsal response is not completely eliminated 
with their outcome-correction feedback. 

For the AW construction, the implicit response contributes to the 
W term. This has been shown to produce interference relative to a 
NA list with two alternatives (see n. 1). Frequency theory explains 
this by noting that the implicit response defeats the rehearsal re- 
sponse. When the subject chooses chair, table receives an increment, 
80 that even if he correctly chooses rain later and rehearses it, that 
rehearsal only provides one unit to offset the implicit response to the 
W term in that pair. The result is that rain and table remain equal 
In two-alternative lists. With three-alternative lists, however, the 
outcome-correction procedure actually allows the implicit response 
to provide an extra increment, since the pronunciation responses 
on error trials equalize experience otherwise. That is, the rehearsal 
response does not always occur to offset the implicit response to the 
W term, so that the associate W term may maintain the extra fre- 
quency at the end of the trial. If the subject then chooses by 
Avoiding the most frequent, he increases his chance of discovery 
from Y to 15. For example, assume that the third column in Table 

18 wrong and the second column correct (AW). If the subject 


E din D. H. Kausler and J. A. Boka, Effects of double functioning on verbal 
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chooses chair, this also adds via an implicit response to table. Sub- 
sequent choices may involve avoiding the more frequently experi- 
enced items (Rule 2), so that the actual decision is between bird 
and head or foot and rain rather than the nominal triads. Even- 
tually, the subject will discover the R terms, and rehearsal responses 
will increase the experience for the R terms to match that of the 
associate W terms. At this point, some confusion may result as the 
subject is now faced with two equally likely items (e.g., head 
and chair) but must switch to Rule 1. This may be compensated 
for by the fact that the probability of guessing is again above 
chance (14). 

Therefore, the AW triads may only involve pairs at the fune- 
tional level, if frequency theory is correct. The same argument ap- 
plies to half of the AB triads also. As a result, the interference ob- 
tained with two-alternative lists may not obtain for AW and AB 
triads with outeome-correction feedback. Furthermore, if this inter- 
pretation is correct, frequency theory might predict that the AW 
and AB constructions would produce more errors involving the use 
of the associate W terms, rather than the common unrelated W 
term (column one in Table I). However, this prediction is somewhat 
dependent upon the existence and the duration of the two stages 
just deseribed—upon how long the subject spends choosing be- 
tween bird and head (Rule 2) rather than between head and chair 
(Rule 1). If these phases are of equal duration, which seems un- 
likely, there would be no difference expected. If the latter stage i 
longer, errors should inereasingly involve the associate W term. 
If so, then the recall of the two types of W terms should also favor 
the associate W term. 


METHOD 


Design and subjects. A 2 x 4 factorial was used, with type of correction 
procedure—specific correction (SC) and outcome correction (OC)—and type 
of list (AR, AW, AB, NA) as the two factors, Five men and five Women 
students in introductory psychology courses, served as the Ss in each of the 
eight groups in partial fulfillment of course requirements. 


Materials. As described previously (Table I), two basic lists of 16 triads 
were constructed. One served as the NA list by substitution of the contro 
words in column four for one of the associate words in column three. The 
first three columns as shown in Table I served as the triads for all of the 
associate groups, with E's response during feedback determining AR, AW, OF 
AB. Feedback was verbal, with E stating the specific word for the specifo 
correction condition, and ‘right’ or ‘wrong’ for the outcome-correction condi- 
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tion, so that the same tapes served for both conditions. Both lists were 
arranged in four different orders for presentation, with each member of a 
triad appearing in the left-middle-right spatial position at least once over 
these orders, and with the disparity in spatial position of the R term bal- 
anced over the orders. Each order was used as the first order approximately 
equally often. 


Procedure. The lists were presented on a Lafayette drum at a 4:4-sec. rate, 
with an 8-sec. intertrial interval. These longer intervals were used to accom- 
modate the post-feedback performance of the Ss given outcome-correction 
feedback. 

In the specific-correction condition, the triad appeared for 4-sec., during 
which time the S responded, with the triad reappearing in the drum window 
and E verbalizing the correct member each time. In the outcome-correction 
condition, the anticipation was the same, but when the triad reappeared the 
8 was merely told the outcome of his choice by E, either ‘right’ or ‘wrong.’ 
If incorrect, the S was instructed to repeat aloud each of the remaining 
words once, thus matching the pronunciation response to the other alternative 
during the anticipation frame. If correct, the S given outcome correction 
was instructed to repeat the term he had just chosen, matching the 
statement of the R term by E during feedback for the specific-correction 
condition. The Ss with outcome-correction feedback should experience the 
same distribution of frequency as the Ss with specific-correction feedback on 
correct anticipations, but the outcome-correction procedure on error trials 
should largely limit the effects to implicit responses. The Ss were not informed 
of the intertriad associative relationships. 

Performance was continued to two perfect trials, and was followed by an 
unpaced W-term recall test. The Ss were given a sheet of paper with the R 
terms in one column and two blanks beside each for the appropriate W 
terms. A space was provided at the bottom for additional W terms 
Which the S could not match to any R term, and these were considered in 
à lenient scoring. 


RESULTS 


The number of trials to successive criteria (8/16 to 16/16) and 
the number of trials to list criterion (two consecutive perfect trials) 
are shown in Figure 1. Fora 2 X 4 factorial analysis of variance, 
the trials to eriterion indicated that the specific-correction feed- 
back was superior to the outeome-correction feedback [F (1, 72) 
= 182.89, p « .001], and this superiority was significant from 
the 6/16 criterion to the list criterion in separate analyses. Trials 
to list criterion also indicated an effect for list type [F (3, 72) = 
11.90, p < .001], which was significant as early as 14/16 in separate 
analyses, The interaction of correction procedure with list type was 
marginally significant in the list-criterion data [F (3, 72) = 2.42, 
P < .10], with the greatest effect of list type in the outcome- 
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correction conditions. Although any effect of the associates see 

largely obscured by the ceiling effect with specific correction : 
the slow rates, the subjects in this condition were signifi 
superior with the AR list over the NA list (p « .05) by individ 
ok (Duncan’s multiple-range test) in the list-eriter 


Most of the expected effects of outcome correction were prese 5 
The subjects in this condition were not handicapped on list AW rela 
tive to NA, as they presumably benefited from the change in 
ing probability mentioned earlier, but the apparent facilitati 
AW relative to NA did not reach significance (p > .10). In. 
AB list, the gain combined with the early use of Rule 1 for the 
half of the list to yield a significant gain over both NA and / 
(ps < .01 and .001 respectively) in the list-criterion data. Fa 
tion for AB and AW is contrary to previous findings with sp 
correction feedback and two-alternative lists (see n. 1), bi 
to follow from the frequency-theory considerations noted prev 
assuming a change in guessing probability. 

Comparability of the group given outcome correction on 
list and the group given specific correction on the NA list 
found, with the difference shown in Figure 1 significant from | 
to list criterion (p < .01). The group given outcome co pos 
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the AR list also differed from all other outcome-correction groups 
as well, The comparison between it and the group given specific 
correction on the NA list may indicate that the rehearsal response 
and the implicit response are not equivalent in terms of the magni- 
tude of subjective experience provided, or it may indicate that the 
implicit response is less likely to be repeatedly evoked during a 
single feedback frame. This is a difficult comparison here anyhow, 
since the outcome-correction groups do get rehearsal responses also 
following R-term discovery. It might also be expected that the 
difference between the outcome-correetion groups on the AR and 
NA lists would be about the same as the difference between the 
specific-correction groups on the AR and NA lists, but that was 
not the case either. The effects of implicit (associative) responses 
were present with outcome-correction feedback, but the difference 
in the pronunciation responses for the two feedback conditions as 
administered here confounds any statement about the equality of 
implicit responses and rehearsal responses. 

Table II presents the percentage of all errors that involved the 
use of the associate W term for the AB and AW groups with both 
types of feedback. For the AW group, 50% would be chance, while 
25% would be chance in the AB groups. It had been expected 
that the associate would occur as an error more often than the un- 
related W terms, but only the group given specifie correction on the 
AB list showed a reliable difference from chance (37.2). Consider- 
ing the representation of the associate W terms in total W-term 
Tecall (leniently scored), it seems that both AB groups were some- 
what above the chance level. The prediction of differential usage of 
the associate W term received rather weak support, especially in 
that the W-term recall did not always covary with the use of 
the associate as an error; that is, the group given specific correction 


TABLE II 


PERCENTAGE or ERRORS INVOLVING THE ASSOCIATE W-TERM AND PERCENTAGE 
or Tora, W-Term RECALL THAT WAS THE ASSOCIATE W-TERM 


EE he eS 


Specific Outcome 
correction ' correction 
Measure AW AB AW AB 
Mmm — A AB AW, BU 
Errors 49.7 37.2 48.4 27.3 
Recall 53.5 29.1 50.1 31.3 
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on the AW list indicated somewhat greater recall of the associate, 
but not greater use of the associate in errors. 

Pooling all W-term recall without regard to type or correct pair- 
ing (Table III) indieated a significant effect for the correction 
procedure [F (1, 72) = 13.07, p < .001]. List type also produced a 
significant effect [F (3, 72) = 5.35, p < .01] and interacted 
significantly with correction procedure [F (3, 72) = 5.22, p < .01] 
due to the performance on AB and NA. While some of the recall 
effects may merely reflect the degree of list learning, the superior 
performance of the group give outcome correction on the AW list 
does not seem readily attributable to such an artifact. 


TABLE III 
Torat W-Trem« RECALL, Pooten Over TYPE AND SCORED 
WITHOUT REGARD TO Correct PAIRING 
Lm 
List construction 


DISCUSSION 


The acquisition data seemed in accord with the predictions, 
although there was not convincing evidence for the differential use 
of associate W terms as errors, While the ceiling effects with 
specific-correction feedback do not allow the complete extension of 
all findings from two-alternative lists (see n. 1), the implicit 
responses did seem to facilitate the AR list in the specific-correction 
condition. It seems reasonable to attribute the absence of inter- 
ference for AW and AB lists in the specific-correction conditions to 
the slow presentation rates used to accommodate the outcome-cor- 
rection groups. With outcome-correction, however, the failure to find 
interference with AW and AB lists is consistent with the notion 
of a changed level of guessing, with the subjects functionally choos- 
ing between the R term and the associate W term rather than all 
three alternatives. This change in guessing level seemed to more 
than compensate for any interference, especially in the AB arrange- 
ment, 
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e predictions based on the implicit-response (IAR) mechanism 
mot as well supported in the error and recall data. Any evi- 
» supporting those predictions would also be consistent with 
ssumption that more associative learning was occurring in 
groups (see n. 7). It could be assumed that an incidental 
intion is formed in verbal-discrimination learning in addi- 
differential frequency accumulation. Such associations would 
pected to be utilized more when rules could not be used 
AB) or with outcome-correction feedback. This would also 
&n increase in W-term recall, as was, in fact, present 
le groups given outcome correction (see Table III), and might 
jail differential usage of the associate as an error. It must be 
d that the error-usage prediction was not certain but rather a 
on of the duration of the two performance stages assumed 
Je occurring. The present data do not provide a clear choice 
reen the two explanations. However, the multiple-alternative 
jJal-diserimination list would seem to be useful for the further 
ly of the operation of the implicit-response unit in intertriad 
intratriad associative lists. 


RECALL OF A WORD LIST 
AFTER INTERPOLATED READING 


IsaseL M. BrneNsAvM, University of California, Irvine 


Abstract. The study investigated the effects of natural language activity 
on the retention of a word list. After learning a paired-associate list of high- 
frequency words, subjects in a control group engaged in a pattern-selection 
task while subjects in three experimental groups read descriptive materials. 
Half of the words from the list were embedded in the reading material. 
Accuracy and latency of recall of the word list was measured 21 min. after 
the end of original learning. There was no difference between groups in the 
number of words correctly recalled; in all three experimental groups, how- 
ever, there was a significant increase in the latency of recall of responses 
only for pairs which had been embedded in the interpolated reading material. 
The conclusion is that natural language activity can have specific interfering 
effects on the recall of a word list. 


The fact that naive subjects show retention losses for a single, 
laboratory-learned list continues to pose explanatory problems for 
an interference theory of forgetting.! The assumption that proac- 
tive inhibition from prior language habits accounts for retention 
loss has received little support. It has been suggested that the for- 
getting of a single list over uncontrolled retention intervals may 
reflect retroactive inhibition from language activity rather than 
proactive inhibition? In brief, it is assumed that the A-B, C-D 
iransfer paradigm is formed by the laboratory list (A-B) and 
subsequent language activity (C-D) during the retention interval. 
(There are different, unrelated words in the two situations.) A re- 
duction in the availability of first-list responses (contextual un- 
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learning) has been found when lists conform to the A-B, C-D para- 
digm.? 

A second possibility is that specific associative loss (a reduction 
in the tendency of item A, to elicit item Bı, item A» to elicit item 
By, etc.) may occur when words from the list appear in one or more 
contexts outside of the laboratory. For example, suppose that one 
of the pairs (A,-B,) in the original list is minute-story. These 
words might occur in sentences written, spoken, or heard during the 
retention interval. Each word, when it occurs, is likely to appear 
with words other than its partner from the list, thus forming the 

. A-B, A-C, A-D, and so on, paradigm. For example, the word 
minute might occur during the retention interval in phrases such 
as ‘in a minute,’ ‘a minute later,’ and ‘Do you have a minute to 
spare?’ The occurrence of list words during the retention interval 
may serve to weaken the associative connection between specific 
words on the list. 

The purpose of the present experiment was to explore some im- 
plications of a retroactive-inhibition theory of extraexperimental 
interference. A paired-associate list was learned by all subjects and 
was followed by an interpolated ‘cover task’ for the experimental 
groups. The task required that the subject read a large number of 
short passages (interpolated reading). The passages were descrip- 
tions of college courses and travel tours, written specifically for the 
experiment. Words from the paired-associate list were embedded 
in the passages, Two experimental groups were informed of the 
occurrence of list words in the passages, and one experimental group 
Was not. A within-subjects design was used such that the words 
from only half of the pairs on the paired-associate list appeared in 
the passages rend by each subject. A control group learned the paired- 
associate list and then engaged in a pattern-selection task during 
the retention interval. Recall of the list was measured on an un- 
Paced test, and response latencies were recorded. An overall dif- 
ference in recall in the experimental versus control groups would 
Indicate the occurrence of contextual interference, a general loss in 
availability of all responses on the list. In the experimental groups, 

OWever, a greater decrement in the recall of pairs whose members 
Were present during interpolated reading would indicate specific 
Interference, a decrement which is contingent upon the oceurrence, 


A B. McGovern, Extinction of associations in four transfer paradigms, 
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in the interpolated passages, of words from the list of paired associ- 
ates. The results would be useful in evaluating the assumption that 
language activity during uncontrolled retention intervals leads to 
the forgetting of laboratory-learned lists of words. To this writer's 
knowledge, the effect of natural language activity on the retention 
of verbal lists has not previously been explored. 


METHOD 


Materials. The same 10-pair paired-associates list was learned by all Ss. 
The stimulus and response terms were high-frequency nouns selected from the 
Thorndike-Lorge word count.t Each of the words was rated ‘M’ in the Lorge 
magazine count, indicating that it had occurred 1,000 or more times per 4.5 
million words, In the set of 20 words, 12 initial letters occurred once, and 4 
initial letters occurred twice, The list of paired associates was constructed by 
a random pairing of the words. There were four different orders of presenting 
the 10 pairs. The pairs were divided into two sets of 5, designated Set A and 
Set B. Since estimates of the relative difficulty of the pairs were available 
from a previous study (unpublished), the sets were equated as nearly as 
possible in overall difficulty. The pairs in Set A were trouble-hundred, 
garden-question, minute-story, morning-dinner, building-color. The pairs in 
Set B were baby-reason, water-order, party-letter, nothing-figure, table-people. 

A separate booklet of interpolated passages was prepared for the 10 words in 
Set A and for the 10 words in Set B. The passages in each booklet consisted 
of 20 course descriptions and 20 tour descriptions. The former were like the 
course descriptions in college catalogs, and the latter were descriptions sim- 
ilar to those which appear in travel brochures. The following examples illus- 
trate the types of passages which were used: 


, "Music: M. odern Trends, Some people have said that there has been noth- 
ing new in music for over a century. Modern music will be analyzed from 
the standpoint of historical versus innovative influences.” 


“Castle on the Rhine. The group will spend three days and two nights 
at this castle of Roman origin, The grounds include the old castle and one 
new building for guest accommodations, Dinner is served by candlelight each 
evening in the grand salon of the castle, built in 1280. Visit the ancient vine- 
yards, the formal garden, and historic churches nearby.” 


In writing the description, 2 or 3 words (stimuli or responses) from the set 
of five pairs were embedded in each description. For example, in the first 
passage above the words from the paired-associates list were people and 
nothing. Each of the 10 words in the set was used a total of 10 times 
throughout the passages. A typical description contained two, three, or four 
sentences, and in no case were both members of the same pair used in the 
same description. The descriptions were arranged in an order such that all 10 


m L. Thorndike and I. Lorge, The Teacher's Word Book of 30,000 Words, 
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words from the set appeared once before any of the words appeared again, 
and so forth. This procedure guaranteed that each S would come across each 
word approximately the same number of times, regardless of how far he had 
proceeded in the booklet when interpolated reading was terminated. 


Design. Four groups learned the list of paired associates to a criterion of 
7/10 correct responses on one trial. Three experimental (E) groups were then 
given the task of reading and rating the descriptions. The control group (C) 
engaged in a pattern-selection task: S received a booklet in which 135 sets of 
five figures were drawn. His task was to indicate which of the figures in each 
set of five was different from the others, The figures in each set differed in 
such things as spatial distribution of objects, or number of objects, and so on. 
The interpolated aetivity was terminated for all groups after 20 min. and 
was followed by an unpaced test of recall of the list of paired associates. 

The three experimental groups differed on two bases: the instructions for 
the interpolated task, and the rate of presentation of the paired-associate 
list. The Ss in Group E-R (Read) were instructed to read the passages and 
Tate each one on a seven-point scale of personal interest. No mention was 
made of the occurrence of paired-associate words in the passages. Groups 
E-RS, and E-RS, (Read and Search groups) received the same instructions 
as did Group E-R and were told, in addition, that some of the words from the 
Paired-associate list would appear in the passages. The S was to look for and 
underline those words from the list which he came across while reading and 
tating the passages, The distinction between E-RS: and E-RS was that the 
latter received the paired-associate list at a slower rate of presentation than 
did all other groups: a 4:5-sec. rate rather than a 2:2-sec. rate was used in 
Group E-RS, This group was run in order to investigate the possibility that 
Breater opportunities for natural language mediation during original learning 
Would lead to greater interference from interpolated reading and thinking 
about the words from the list. Of course, any differences in recall between 
E-RS, and E-RS, would only be suggestive, since the groups differ on a 
number of other factors such as degree of original learning and similarity of 
original learning to the unpaced test of recall. 


Procedure. The list of paired associates was presented on a Stowe memory 
drum at a 2:9.sec, rate with a 4-sec. intertrial interval for Groups C, E-R, 
and E-RS,; a 4:5-sec. rate with a 9-sec. intertrial interval was used for 
Group E-RS,, Anticipation trials continued until S had reached a level of 7/10 
correct responses, The interpolated activity began after 15 min. in Group C, 
and after 2 min. in all E groups (instructions were longer for the E groups). 

€ interpolated activity was terminated 20 min. after the end of original 
learning for all four groups. Occasionally, Ss in the E groups finished rating 
the passages before 20 min, had elapsed. In this case, S was asked to reread 
and rate the same passages in terms of the way one of his parents would feel 
about taking the trip, or about S's taking the course. If less than 2 min. 
pained, S was simply asked to go back over his ratings and make sure that 

€Y accurately reflected his preferences. 

Àn unpaced test of recall of the paired-associates list began 21 min. after the 
"hd of origina] learning. Each stimulus word was presented alone in the 

m window, and S was to call out the word that had been paired with it on 
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the list. The drum was not advanced until S had indicated he was ready to 
go on. The order of presentation of stimulus words was the order that would 
have occurred next if original learning had continued. Response words were 
not shown during the test. 

A tape recording was made of the entire recall test, without S’s knowledge. 
After the experimental session was concluded, the tape was played back and 
a stopwatch was used to measure the latency of each correct response. The 
watch was started at the sound of the advance of the drum to a new stim- 
ulus word and was stopped when S gave the correct response. If S corrected 
himself before going on to the next stimulus word, latency was still defined 
as the time from the advance of the drum to the occurrence of the correct 
response. Because of an oversight in running the first two blocks of the ex 
periment, tape recordings were not obtained; latency measures, therefore, were 
not available for the first two Ss in each group. 

The experiment was run in 16 blocks of four, with each group represented 
once in each block. The assignment of starting orders in original learning and 
of Set A or Set B passages in interpolated learning was balanced within 
groups. In every 2 blocks of the experiment, Set A and Set B occurred once 
in each group; assignment of sets was made in the control as well as experi- 
mental groups for the purpose of data analysis. The order of running groups 
within blocks was random. The Ss were 68 undergraduates, men and women 
at the University of California, Irvine, who were fulfilling a course require- 
ment. The Ss were not necessarily naive to verbal-learning experiments. The 
Ss were assigned to groups in order of their appearance at the laboratory. 
Of the 68 Ss 4 were replaced because of experimenter error or interruptions 
from outside sources. 


RESULTS AND DISCUSSION 


Original learning. The mean number of trials to the criterion of 
7/10 correct reponses on the list of paired associates was 5.2, 56, 
and 5.0 for Groups C, E-R, and E-R$;, respectively. A two-way 
analysis of variance (groups; Set A or B in interpolated learning) 
yielded no significant Fs (all ps > .25). The mean number of trials 
to criterion in Group E-RS, (4:5-sec. rate of presentation) was 
22, and the difference between E-RS, and E-RS, was significant 
[F (1,28) = 10.0, p < 01]. 


Interpolated reading. It is of interest to note the difference in the 
number of passages completed by Group E-R, in which subjects 
only read and rated the passages, and Groups E-RS, and E-RSy 
in which subjects also looked for words from the paired-associate 
list while making their ratings. Almost all subjects (15 out of 16) 
in Group E-R had progressed to the second rating task (parents 
preferences) before interpolated reading was terminated; of the 32 
subjects in Groups E-RS, and E-RS,, only 1 had gone this far by 
the end of interpolated reading. 
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For each subject in Groups E-RS, and E-RS;, the score for the 
discovery of words from the paired-associate list was expressed as 
a proportion: total number of paired-associate words underlined / 
total number of paired-associate words encountered. The mean pro- 
portion of list words underlined was high: .81 and .77 in Groups 
E-RS, and E-RS$; respectively. There were relatively few cases in 
which a nonlist word was underlined (a total of 20 instances in 
Groups E-RS, and E-RS; combined). It is clear that the task of 
searching for paired-associate words was fairly accurately accom- 
plished by subjects in both groups, and that this additional task 
reduced the amount of new material which was read during the 
retention interval, relative to Group E-R. It may be the case, of 
course, that the subjects in Groups E-RS, and E-RS; read the same 
amount of material as did the subjects in Group E-R but that 
much of this reading was rereading of the same material while 
searching for words from the list of paired associates. 


Recall of paired-associates list. A within-subjects comparison of 
the recall of pairs with words present in interpolated reading versus 
pairs with words absent in interpolated reading, was permitted by 
the balanced assignment of subjects in experimental and control 
groups to either Set A or Set B in interpolated reading. The assign- 
ment of subjects to sets in Group C was, of course, a pseudovariable 
and was used only for the purpose of data analysis. Group C should 
show no difference in the recall of words-present and words-absent 
pairs, 

As to accuracy of recall, the mean number of words correctly 
Tecalled from the paired-associate list was essentially the same in 
all groups: 8.6, 8.6, 8.4, and 8.8 for Groups C, E-R, E-RS;, and 

RS, respectively [F (1, 56) < 1.00]. Similarly, a three-way 
analysis of variance for the experimental groups alone (groups; 
Words present versus words absent; Set A or B in interpolated 
reading) yielded no significant main effects or interactions (all ps 
> 10). It is clear that in terms of number recalled, interpolated 
Teading did not lead to contexual retroactive inhibition (control 
versus experimental groups), nor was there specific retention decre- 
ment for those pairs which appeared in interpolated reading (words 
Present versus words absent in the experimental groups). 

With respect to response latency, each subject’s mean latency was 
obtained for (a) all correct responses at recall, (b) the correct re- 
SPonses for word-present pairs, and (c) the correct responses for 
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word-absent pairs. A two-way analysis of variance of mean 
latency (groups; Set A or B in interpolated reading) for all re 
sponses correctly recalled yielded no significant main effects or 
interactions (all ps > .10). The mean latency for word-present 
and word-absent pairs is shown for each group in Table I. As ex- 
pected, the control group showed no difference in mean latency for 
word-present and word-absent pairs. In the three-way analysis of 
variance for the three experimental groups alone, the difference 
between word-present and word-absent pairs was significant [F (1, 
36) = 8.13, p < .01]. Neither the effect of groups nor the interae- 


TABLE I 


Mean LATENCY or Wonp-PnEsENT AND WORD-ABSENT 
RESPONSES AT RECALL 


Type of pair C E-R E-RS: E-RS: 
ee eee 

Word absent 2. 

Word present 2T 


Note: Latencies in sec. 


tion of groups and words present versus words absent was signifi- 
cant (Fs < 1.00). 

In sum, the latency of recall of the word-present and word-absent 
pairs was identical in the control group, while for all three experi- 
mental groups, the latency of recall was significantly greater for 
the word-present than for the word-absent pairs. The results indi- 
cate that the appearance of words from the list of paired associates 
during interpolated reading leads to interference with the recall of 
the corresponding pairs from the paired-associate list. The failure 
to find an interaction of groups and words present versus WO 
absent in the experimental-group analysis suggests that neither 
knowledge of occurrence of words from the paired-associate 
during interpolated reading, nor searching for the words, nor rom 
of list learning has differential effects on retention decrement. 

A previous study demonstrated interfering effects of interpolated 
learning on first-list recall and on response latency with lists that 
conformed to the A-B, A-C, A-D paradigm; the results for both 
accuracy and latency of recall yielded significant retroactive 7?" 
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hibition. The increase in latency for the experimental groups in 
that study was found for a set of pairs on which there was no 
difference between control and experimental groups in number 
recalled (‘strong’ pairs as defined by scores in original learning), 
as well as for the entire set of responses recalled in control and 
experimental groups. It may be assumed either that response la- 
tency is a sensitive measure of the same process that underlies 
complete failure of recall, or that two different processes are 
involved. An increase in response latency might reflect competition, 
4 temporary blocking of the correct response, while failure to recall 
& response on an unpaced test reflects unlearning, a reduction in the 
strength of the A-B association. In the present study, retroactive 
inhibition was found only for response latency. The number of re- 
sponses recalled in the control and experimental groups was es- 
sentially the same. 

The contribution of competition and unlearning to response la- 
tency cannot be differentiated on an empirical basis but is clearly 
in the domain of theory. The present writer assumes that there is a 
continuum from slow responding to failure of responding and that 
the same basic process underlies both changes. It could thereby be 
expected that interpolated reading, if extended or modified in terms 
of frequency of occurrence of list words, would lead to a failure of 
recall as well as an increase in latency of recall of responses from 
the paired-associate list. 

Regardless of the locus of interference, the results clearly demon- 
strate that reading—an activity which is quite different from the 
Tote learning of a paired-associate list—leads to a significant 
decrement in performance on the recall test. Furthermore, the 
decrement, is specific to pairs whose members appeared in the 
interpolated material. Considering the relatively short duration of 
Interpolated reading in this experiment, and the difference in the 
nature of original learning and the interpolated activity, the occur- 
tence of any retroactive inhibition at all is perhaps surprising.* The 
results certainly encourage a further investigation of extraexperi- 
Mental interference from subsequent language activity. The for- 
Setting that is observed when subjects have learned a single list may 
indeed depend in part upon interference from subsequent verbal 
activity outside of the laboratory. 
is M. Bimbaum, Unlearning in two directions, J. exp. Psychol, 72, 1966, 
® Postman (n, 1). 


ERRORS IN TACTILE LOCALIZATION 


Cuartes M. Curver, Dartmouth Medical School 


Abstract. In a test of tactile localization, subjects were lightly stimulated 
at points on their palm and then indicated on outline drawings where they 
felt they had been stimulated. Both the amount and direction of localization 
error were measured. There was a slight tendency for all subjects to displace 
their judgments toward their thumbs. Left-handed subjects displaced their 
judgments in a wristward direction significantly more than did right-handed 
subjects. The overall amount of localization error was not related to hand 
or eye dominance but was significantly related to a measure of visual sup- 
pression. 


E a a 


A test of tactile localization was developed by the author as 
one of a battery of instruments designed to measure spatial-percep- 
tual abilities. The test, described in detail below, involves stimulat- 
ing a subject with a von Frey hair at a series of points on the 
surface of his palm, which is hidden from his sight; after each 
stimulation the subject is asked to make a mark on an outline draw- 
ing of his hand at the point where he feels he has been stimulated. 
There is almost always some error on each trial, and both the extent 
of this error and the direction in which it occurs may be considered. 

It became apparent with repeated usage of the test not only that 
subjects differed in their general ability to localize points but also 
that certain constant directional errors occurred. The author is also 
interested in laterality phenomena and noted that right-handed and 
left-handed individuals seemed to make somewhat different di- 
rectional errors: left-handers frequently displaced their judgment 
toward the wrist. The data reported below were collected in order 
to examine more fully the relationship between tactile-localiaation 
performance and laterality in a group of subjects for whom rela- 
tively satisfactory measures of hand and eye dominance exis" 


Received for publication by Professor E. B. Newman. The research reported 
was conducted at the Duke University School of Nursing and was Sup PON je 
in part, by the United States Public Health Service (Research Grant ks 
00085) and by a Duke University Research Council grant. The author 
Pamela Dixon for her help with collection of the data. 
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METHOD 


Subjects. The Ss were 75 young women, ages 17 to 18, who made up an 
entire freshman class at the Duke University School of Nursing. They co- 
operated as a class project in return for a reimbursement to their class trea- 
sury. 

Tactile localization. During the testing S sat across a small table from E. 
A curtain was stretched across the table between the two so that only eye 
contact could be made. On a given series of trials S extended the hand being 
tested underneath the curtain toward E. On her side of the table, S was 
provided with an outline drawing that resembled her stimulated hand; with 
her nonstimulated hand she held a pencil and after each trial made an X 
on the outline drawing at the point she felt had just been stimulated. S 
numbered these Xs sequentially to avoid any confusion in scoring. 

Each S was stimulated at the same nine points on each palm. These 18 
points were given in the following four-block sequence: points 1-5 of the non- 
dominant hand (so that the initial Xs could be marked with the usual writing 
hand); points 6-9 of the dominant hand: points 6-9 of the nondominant 
hand; and points 1-5 of the dominant hand. At the beginning of each block 
of trials, S was provided with a fresh form of the hand outline. 

The nine points stimulated on each palm were located as shown in Figure 1. 
Stimulation was made with a transient pressure of a von Frey hair (a nylon 
monofilament embedded in a Lucite handle) calibrated to deliver 3.84 g. at 
the point of initial bending. This stimulus strength is nearly always above 
palmar threshold; on the few occasions when S claimed not to have felt the 
stimulus, it was repeated. 

Each S's errors were scored in the following way. The points actually 
stimulated were superimposed on each S's outline drawings. Each ‘true’ stimu- 
lated point was considered as the origin (0,0) of a two-dimensional coordinate 
system (x,y); the S's estimated point was then located in this system by 
being assigned x and y values in millimeters (eg., —3, +4). Constant direc- 
tional errors could then be assessed for each palm by summing z values and y 
Values separately across points. It was also possible to determine the direct 

tance between the stimulated and the estimated points (herein called the 
Bross error) by solving the Pythagorean theorem (e.g, —3, +4 equals a gross 
error of 5 mm.), 


dod dominance. Hand dominance was defined as that hand with which S 
rote, 


Eye dominance. The Ss were given two tests (glasses were not worn during 
either test), In the test of dominance during near sighting, S, seated approxi- 
mately 36 in. from Æ, fixated on B’s open right eye (E's left eye was covered) 
with both of her eyes. S then raised a pointer midway between E and 8 so 

iat it was ‘lined up’ with E's right eye. This alignment was made three times 
With the pointer held in S's dominant hand and three times in her nondom- 
Mant hand, Dominance was said to exist when at least five of the six align- 
on Were made with one eye. In the test of dominance during far sighting, 

Stood 15 ft. from E and held in front of her with both hands a 2 X 3 ft. 
Plece of cardboard containing in its center a hole that was 1 in. in diameter. 8 
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Fr. 1. Stimulated points, as determined by the following method: line A 
(superimposed on distal bracelet crease) was drawn and bisected; line B was 
drawn and bisected; all other lines were then drawn. Points a, b, c, and à 
represent the midpoints of proximal metacarpophalangeal creases. All stimu- 
lated points are indicated by numbers and are at bisection points of lines. 
Point 1 is midway between points a and 5. 


bifixated on E's open right eye, then raised the piece of cardboard at arms 
length until she could see E's open eye through the hole. Dominance was 
said to exist when at least three of the four sightings were made with one 
eye. 

Of 66 right-handed Ss, 34 were right-eyed by both of these tests, 25 were 
left-eyed, and 7 were not consistently lateralized. Of 9 left-handed $$, ho 
right-eyed, 2 left-eyed, and 2 not consistently lateralized. 


RESULTS 


The average gross and directional errors for right-handed and 
left-handed subjects for each of the 18 palmar points are shown 
in Figure 2. Table I gives numerical summaries of these date an 
group mean values. 
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TABLE I 


PALMAR DrRECTIONAL-ERROR AND Gross-Error VALUES 


Right-handed Left-handed 


subjects subjects 

Values (N = 66) (N =9) t ratio 

Total z —47.1 —40.7 .29 
Left-palm z —73.6 —87.3 .88 
Right-palm z +26.5 +46.6 1.43 
Total y —37.9 —114.5 2.00* 
Left-palm y —14.4 —65.4 2.99* 
Right-palm y —23.5 —49.1 1.14 
Total gross error 279.0 313.4 1.39 
Left-palm gross error 145.5 174.0 1.85 
Right-palm gross error 133.5 139.4 .46 


Note: Values for each palm represent sum of values for nine points stimulated. 
* p < .05, two-tailed. 


Gross error. There was no significant difference between right- 
and left-handed subjects for right, left, or total palmar gross error. 
Both the right- and left-handed subjects tended to perform more 
poorly on their left palm than on their right, but this was significant 
(p < .05, t test between correlated means, two-tailed) only for 
the left-handed subjects. 


Directional error. With respect to the z-dimension, there was à 
consistent tendency for all subjects to make constant errors toward 


TABLE II 


NuwnER or Supsects with Positive AND Negative VALUES ON 
Rigut AND Lerr PALMS 


——————— U 


Left-palm Right-palm 
z values z values 
p Pat 
Group = a2 value - + value 


—— e vae - t CE 


Right-handed 


Left-handed e T 
(N = 9) 9 0 01 0 9 .01 
Total 1 
(N=75) 73 3 001 15 6 b 


t Sign test, two-tailed. 
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the thumbward, or radial, side of each palm. Table II shows the 
number of subjects within each group whose total left and right 
palmar x values were negative and positive (negative left and posi- 
tive right palmar z values represent thumbward deviations). 
Both the right- and left-handed subjects showed a significant inci- 
dence of thumbward deviations as evaluated by sign tests. This 
tendency was more marked for the left palm than the right, as can 
also be observed in the mean left and mean right palmar x values 
shown in Table I. 

While there was a general tendency for all subjects to make 
constant directional errors in the negative y, or wristward, direc- 
tion, this was more pronounced among the left-handed subjects. 
Table I shows that the left-handed subjects had a significantly more 
negative total y deviation (p < .05); this was especially marked 
on the left palm (p < .02). 


Eye dominance. The relationship between handedness, eyedness, 
and localization errors was explored for those subjects who showed 
à consistent ocular lateralization on both tests of eye dominance. 
No significant differences in gross error, z, or y deviations were 
found between right-eyed or left-eyed subjects overall, or between 
right-eyed and left-eyed subjects within either the right-handed or 
left-handed subgroups. 


DISCUSSION 


_ Relatively little is known about factors influencing tactile-local- 
ation performance. While grossly impaired ability to localize 
Points on the body surface has some value as a localizing sign of 
Parietal-lobe disease, the correlates of good and poor performance 
Within the normal range and the nature of constant directional 
errors have been only scantily explored. 

Two dimensions of directional error were analyzed separately in 
these data and one of these, deviations toward the thumb, was seen 
With consistency in the great majority of subjects. This tendency 
Was greater on the left palm than the right and did not relate to 
hand or eye dominance. Both Pillsbury and Parrish also found 
Some nearly universal directional errors after stimulating subjects 
On the inner surface of their forearms: points near the wrist tended 

be displaced toward the wrist and points near the elbow toward 


occurs toward regions of denser sensory innervation or 
area on the parietal sensory homunculus but this is not a comp 
explanation for elbow and wrist displacements. Perhaps Bori 
hypothesis remains the most satisfactory for these consistently 8 
displacements: the subject visualizes the unseen region in terms 
certain prominent anchoring points (thumb, elbow, etc.) that p 
vide a frame of reference, and subsequently migrates his judgment 
toward these points.? . 
The error in the y-dimension was more complex. The subj 
generally tended to err in the negative, wristward, direction, 
the left-handed subjects had a significantly more negative y € 
than did the right-handed subjects. This finding is consistent 
the author’s earlier observation of increased y negativity in a di 
ent group of left-handed subjects; its meaning seems obscure, 
it would be interesting to determine whether analogous differenet 
between right-handed and left-handed subjects in direction of loc 
izing error occur on other parts of the body surface. 
After the present data were collected, the author became @ 
that one postulate about the physiological underpinnings of 
localization process in any sense organ has been put forth p 
Békésy? The latter writer believes that central and peripheral 
inhibitory processes operate so that stimuli on the receptor surface 
are often ‘funneled’ or ‘displaced’ and that their subjectively felt 
location and quality are thereby altered from physical veridicality. 
The present author has described elsewhere the relationship between 
a measure of visual suppression and subjects’ poor performante 
on a visual spatial-perceptual task, the rod-and-frame test of Wit- 
kin Since visual suppression could be thought of as a form 0 
sensory inhibition, it seemed logical to inquire whether any rela- - 
tionship might have existed between the extent of the present sub- 
jects’ visual suppression and their tactile-localization performante. 
One measure of visual suppression was available. At the time 0* 
testing for dominance during near sighting, the subjects had been 


* W. B. Pillsbury, Some questions of cutaneous sensibility, this Jovaxat T 
1895, 42-57; C. S. Parrish, Localization of cutaneous impressions by AI 
TE G. Boi ee upon the skin, this JounNAL, 8, eni 250-267, ontal. 

- G. Boring, Sensation and P. ion i istory of Lap! d 
Pecot P = erception in the History of 

* G. von Békésy, Sensory Inhibition, 1967, 41-63. sol. 

* C. M. Culver, Anisometropia and the rod-and-frame task, Percept- mol. 
Skills, 25, 1967, 377-384. 
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graded (for other purposes) on the extent to which they saw ‘double 
images.' Since during this testing the subject was bifixating a far 
point and interposing a ‘near’ pointer for alignment purposes, the 
pointer could potentially be seen doubly, since its images in the two 
eyes fell on noncorresponding retinal points. Subjects vary in the 
extent to which they perceive double images in this situation, and 
the author has developed an ordinal scale ranging from 0 (double 
images never seen) to 8 (double images always seen) for classifica- 
tory purposes. The data here were examined in two ways. First, those 
subjects who always saw double images (N — 32) had a mean 
palmar gross-error score of 262.9 (e = 63.6), while subjects who 
never or rarely saw double images (N — 15) had a mean score of 
3245 (c = 86.2); this difference was significant (p « .01, t 
test, two-tailed). Alternatively, that 15% of all subjects who per- 
formed most accurately in tactile localization (N — 11) had a mean 
double-image score of 3.7 (c = 3.2), while that 15% who were least 
accurate (V = 11) had a mean double-image score of 6.6 (c = 
2.7); these two sets of scores, having dissimilar distributions, were 
evaluated by the Mann-Whitney U test and found to be significantly 
different (p < .05, two-tailed). 

These data suggest that subjects who are inclined to suppress 
Visual double images also perform poorly on a test of tactile local- 
ization. This relationship is similar to that found in the study cited 
above (see n. 4), where poor performance on the rod-and-frame test, 
Was associated with a somewhat different type of visual suppres- 
sion than that measured here. Taken together, the two studies raise 
the question of whether the nature of the sensory inhibitory pro- 
cesses employed by a subject may not be an important variable in 
Understanding individual differences in perception and cognition. 


TAXONOMIC INSTANCES AS RIGHT OR WRONG 
ITEMS AND SELECTION STRATEGIES IN 
VERBAL-DISCRIMINATION LEARNING 


Donatp H. Kavsuer, Joan T. EnpER, and GayLe A. OLSON, 
Saint Louis University 


Abstract. Instances of a single taxonomic category served as either the 
right CR) or wrong (W) items of a verbal-discrimination list. Relative to & 
control condition having unrelated items on the list, learning was markedly 
accelerated when the instances were R items, but it was only slightly ae 
celerated when the instances were W items. Additional evidence provided by 
the free recall of R and W items supported the conclusion that a 
selection strategy mediated the verbal-discrimination learning only when the 
positive instances defining class membership occurred as R items. 


According to the frequency theory of verbal-discrimination learn- 
ing, intrapair discriminations between wrong (W) and right (R) 
items are based on the rote accrual, during practice, of a greater Te- 
sponse frequency to R items than to W items, and on the subsequent 
selection of intrapair items with the greater frequency (Rule ! of 
frequency theory) .* However, the rote accrual of response frequen- 
cies as a prerequisite for intrapair discriminations may be largely 
abrogated by the activation of a general selection strategy. A selec- 
tion strategy is likely to be activated whenever the list is structured 
such that either the R items or the W items are members of a dis- 
criminable class. Selection of R items may then be made on the basis 
of class membership alone (i.e., choosing or avoiding class instances 
contingent upon the W-R locus of the class). The efficacy of i 
selection strategy in mediating verbal-discrimination leaming 
m" demonstrated previously, by Kausler and Farzanegan, for lists 
in which preexperimental word frequency provides the attribute for 
class membership? The present study tested further the efficacy of à 
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on strategy when a taxonomic category provides the attri- 
br elass membership. 
Instances of a taxonomic category (e.g, animals) are likely to 
associatively related, either directly (e.g, dog = cat), or in- 
by mediation via the common superordinate (e.g, dog 
imal] = bear). Consequently, the effect of a categorically 
selection strategy on intrapair discriminations may be 
fied by a source of rote frequency units—implicit associative 
i that does not need to be considered when associatively 
ted words constitute the class membership. If items in a 
discrimination list are associates of one another, then re- 
ises to a given item add frequency units both to that item and 
ts associates in the list, the former directly and the latter in- 
eetly via the implicit associative responses emitted to the given 
n. Ekstrand, Wallace, and Underwood (n. 1) have offered con- 
iting evidence for a facilitative effect on verbal-discrimination 
ming when the associatively related items are R components 
d a detrimental effect when they were W components. The in- 
nent in frequency units to R items contributed by the im- 
t associative responses increases intrapair W-R differentials in 
quency, making Rule 1 application more efficacious. On the other 
nd, the increment to W items decreases intrapair differentials in 
quency, making Rule 1 application less efficacious. Thus, on the 
rote processes alone, frequency theory predicts that a list 
ing R items that are all instances of the same taxonomic 
y should be learned more rapidly than a control list contain- 
ated items, whereas a list containing comparable W items 
be learned more slowly than the control list. Superior per- 
ce for the R-item condition relative to the control condi- 
therefore would not necessarily be attributable to a selection 
y (ie. choosing intrapair components that are class mem- 
However, performance for the W condition that is both 
r to the control condition and comparable to the R condi- 
ould most likely reflect the operation of a selection strategy 
voiding intrapair components that are class members) 
compensates for the detrimental effect of rote frequency pro- 


S à means of gaining additional insights into the relative roles 


Bousfield, G. A. Whitmarsh, and J. J. Danick, Partial response 
in verbal generalization, Psychol. Rep., 4, 1958, 703-713. 
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played by rote and higher-order processes during verbal-dis- 
crimination learning when taxonomic instances serve as W or R 
items, a free recall of all items followed verbal-discrimination 
acquisition for each condition in the present study. Previous re- 
search has indicated the value of free-recall measures in analyzing 
processes operative during the preceding verbal-discrimination 
acquisition. Two kinds of clustering during recall were of special 
interest in this study. The first is the successive recall of intrapair 
W and R items from the verbal-discrimination list; the second is 
the successive recall of items that were homogeneous with respect 
to function on the list (i.e., functioning as W items or functioning 
as R items). Relative to clustering for the control condition receiv- 
ing unrelated items on the list, the first kind of clustering should be 
markedly reduced, and the second kind of clustering markedly 
increased, when verbal-discrimination acquisition is mediated by à 
general selection strategy. 


METHOD 


Design and subjects. The 60 undergraduate Ss, all of whom were naive with 
respect to prior participation in verbal-learning experiments, were assigned 
alternately to three groups (each N = 20): two experimental (Groups E1 and 
E2) and one control (Group C). Group E1 learned a 12-pair verbal-diserimi- 
nation list in which all 12 of the R items were instances of the same taxo- 
nomic category and each of the 12 W items was an instance of a different 
category. For Group E2 all 12 of the W items were instances of the same 
taxonomic category and each of the 12 R items was an instance of a different 
category. For Group C all 12 W items and all 12 R items were instances of 
different categories (ie, the items were from 24 different categories). 


Lists. For purposes of greater generalization of results and for greater 
control of idiosyncratic characteristics related to taxonomic categories, sever 
diffe rent lists varying in specific item content were employed for each ef 
perimental condition and for the control condition. That is, the specific lists 
for a given condition varied either in the categories represented or 1n e 
instances selected from within a given category. The norms of Battig am 
Montague provided the source material for categories and instances.’ Brie» 
the principles followed in constructing list variations both within and between 
conditions were (a) that each category function equally often as a source g 


,*F. E. Fulkerson and D. H. Kausler, Effects of intrapair and interpair » 
directional associates on verbal-discrimination learning, J. verb. Lear. "e 
Behav., 8, 1969, 307-310. in 56 

* W. F. Battig and W. E. Montague, Category norms for verbal items 
categories: A replication and extension of the Connecticut category MOS 
J. exp. Psychol. Monogr, 80, 1969, (No. 3). 
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W and R items, (b) that items from a given category always be selected from 
the first 20 responses in the normative data, the lists being made as com- 
parable as possible with respect to the mean ranking of items within their 
respective categorical response hierarchies, (c) that lists be as comparable as 
possible with respect to such item characteristics as word frequency and 
graphic features, and (d) that associative relationships, as judged by the Es, 
be minimized as much as possible between W items for Group El, between R 
items for Group E2, between both W and R items for Group C, and between 
intrapair W-R items for all groups. Subsequent analyses revealed that col- 
lapsing the various list forms together within each of the three main condi- 
tions did not markedly alter the outcome of tests for between-conditions 
effects, Consequently, for simplicity of presentation, only the results for the 
collapsed list forms are presented below. 


Procedure. Each S was given standard instructions concerning verbal- 
discrimination learning prior to receiving one trial on a warm-up list that 
contained two pairs comparable to those of the experimental or control list he 
would be receiving. This practice list was presented in order to acquaint S 
with the nature of the task and to ensure that he understood the instructions. 
All lists were presented on a Lafayette memory drum at a 2:2 sec. rate, 
With a 4-sec. intertrial interval. First the pair appeared in the window for 2 
sec, and then the same pair appeared in the window for another 2 sec., this 
time with the correct word underlined in order to provide informative feed- 
back. All Ss were instructed to respond to each pair on each trial of the 
learning task, including the first. Verbal-discrimination learning under each 
of the three conditions was carried to a criterion of three successive perfect 
trials. After reaching criterion, S was given a sheet of paper with 24 lines and 
Was instructed to write down as many of the items, both R and W, as he 
could remember, in any order he wished, with only one item per line, There 
Was no time limit for this task. Instructions concerning possible recall tasks 
Were not given until verbal-discrimination learning was complete. 


RESULTS 


The means and standard deviations for trials to criterion on the 
verbal-discrimination list were 6.20 and 2.50, 8.75 and 3.01, and 
10.70 and 3.97 for Groups E1, E2, and C, respectively. An analysis 
of variance revealed a significant between-group effect, [F (2, 57) = 
982, p < 001]. A Duncan’s test yielded a significant contrast be- 
tween Group E1 and Group C (p < .01), and between Group El 
and Group E2 (p < .05). In addition, the contrast between Group 
E2 and Group C approached significance (p < .10). The means and 
Standard deviations for total errors in attaining the criterion were 
11.00 and 8.71, 16.70 and 9.71, and 19.00 and 10.73 for Groups El, 

2, and C, respectively. The between-group effect was again sig- 
nificant [F (2, 57) = 3.57, p < -05], as was the contrast between 
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Group E1 and Group C (p < .05). The contrast between Group El 
and Group E2 approached significance (p < .10), but the contrast 
between Group E2 and Group C fell far short of significance 
(p > 10). 

Item recall was scored separately for R items and for W items. 
For R-item recall the means and standard deviations were 9.00 and 
1.45, 8.30 and 2.08, and 9.15 and 1.09 for Groups E1, E2, and C, 
respectively. Comparable values for W-item recall were 4.70 and 
2.18, 6.50 and 1.36, and 7.05 and 2.48. The fact that the three groups 
differed significantly in the number of trials on the verbal-diserimi- 
nation list and the fact that recall of items, may, in turn, covary 
with number of trials force a cautious interpretation of between- 
group effects on recall. However, within-group correlation coeffi- 
cients between number of trials to criterion and the amount of 
both R-item and W-item recall were all negligible and clearly 
nonsignificant (all ps > .10). It seems unlikely, therefore, that 
between-group effects on free recall were affected by the differential 
number of trials. 

A 3 X 2 mixed analysis of variance, with list condition as the 
three-level between-group variable and directionality of recall (R 
versus W) as the within-group variable, revealed significant main 
effects for groups (i.e., list condition) [F (2, 57) = 3.84, p < .05) 
and directionality [F (1, 57) = 83.01, p < .001], and a significant 
interaction effect [F (2, 57) = 6.90, p < .01]. Because of the sig- 
nificant interaction effect, the difference in recall attributable to 
list condition was examined separately for R items and for W items. 
The between-group effect was significant for W items [F (2, 57) = 
7.13, p < .001] but not for R items [F (2, 57) = 1.62, p > .10]. In 
addition, Duncan’s test yielded significant, contrasts in W-item 
recall between Group E1 and Group C, and between Group El and 
Group E2 (ps « .01), but not between Group E2 and Group C 
(p > .10). 

In view of the difference in free recall between groups, between- 
group effects for both intrapair (W-R consecutive recall) and 
intracategory (consecutive-W and consecutive-R recall) clustering 
were analyzed in terms of relative clustering scores. For intrapair 
clustering the formula used was Cl/(N/2), where Cl is the number 
of intrapair clusters during recall and N is the total number of wW 
and R items recalled. The means and standard deviations for this 
score were .21 and .21, 42 and 21, and .63 and .27 for Groups Bl, 
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and E2, and C, respectively. The between-group effect was sig- f 
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nificant [x? (2) = 1720, p < 001], as were the contrasts between 
Group El and Group © [e (1) = 1240, p < .001], and between 


Group El and Group E2 [x (1) = 490 p « 05]. The contrast 
between Groups E2 and C, however, did not reach significance 


[x (1) = 2.50, p > .10]. 
For intracategory clustering the score computed for each S was 
the difference between the observed and the expected number 0 
intracategory repetitions, using Formula II of Bousfield and Bous- 
field? The means and standard deviations for this score were ii 

and 2.42, —1.39 and 1.95, and —3.14 and 2.82 for Groups E1, E2, 
and C, respectively. In each case, the amount of clustering Was 


= 


significantly greater than chance expectancy [correlated ts (18) = 


negative clustering scores for Groups 
little consecutive recall of either W items or 


is, recall in these groups, 8$ reflec 
scores, consisted largely of alternating W and R items, many of 
which had been paired together in the original verbal-discrimination 
list. The between-group effect was again signifi 
p < .001], as were the contrasts between Group El and Group 
D?) = 8.10, p < 01], and between Group El and Group 

[x2 (1) = 490, p < 05]. Again, 
and C did not approach significance D a) <1. 


DISCUSSION 


_ The present results indicate that verbal- t ; 
is considerably more rapid for à list in which the R items are in- 
r a list in which the 


stances of a single taxonomic category than fo 
W items are the instances or for à list composed of completely Un- 
related items. As noted earlier, the rapid acquisition of an : 
taxonomie list may be the result either of à higher-order selection 
strategy or of a rote accrual of implicit associative responses 

items (which accrual in turn enhances Rule 1 application). In- 
direct support for the selection-strategy alternative stems nm ed 
free-recall data of Group El. Recall of W items was signifi d 
below the level of the other two groups, as i5 to be expected Aud 
pair selections of R items are mediated by à process that enables 
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the subject to restrict his responses largely to the R items, More 
important, however, is the fact that clustering of items was very 
different from that shown in the control group. The dominant type 
of clustering for Group E1 was in terms of consecutive recall of 
items having similar functions (R or W) during original aequisi- 
tion, a type of clustering that was nonexistent for Group C. A likely 
explanation for the disparity in clustering patterns is that Group 
E1’s retrieval of items for recall was organized in terms of the two 
broad categories, member-nonmember of the taxonomy, that had 
served earlier to discriminate between paired items. 

On the other hand, the present results indicate that a general 
selection strategy is unlikely to be operative when the W items are 
the instances of the taxonomic category. Militating against the 
notion that Group E2’s verbal-discrimination acquisition was 
mediated by a selection strategy is the close correspondence be- 
tween free recall for this group and free recall for Group C. Es- 
pecially convincing is the failure to find clustering for Group E2 on 
the basis of item functioning. It is conceivable that selection 
strategies in general are unlikely to be activated when the positive 
instances of the category occur only in W items. The nature of the 
verbal-discrimination task is such that the subject’s activity during 
informative feedback phases of practice is ordinarily directed only 
to R items. However, it has been demonstrated that forced pro- 
nunciation of W items during feedback phases alters the learning 
processes,’ and it is likely that a similar procedural requirement 
when W items are positive instances would succeed in activating 
a selection strategy. 

The prediction that Group E2, in the absence of a selection 
strategy, would learn the verbal-discrimination list more slowly 
than Group C was not fulfilled. In fact, Group E2 displayed 
slightly faster learning than Group C. This finding of faster verbal- 
discrimination learning when implicit associative responses are 
elicited to W items than when items are unrelated is in agreement 
with the results of a recent study by Kanak, Cole, and Thornton. 
The most likely explanation for this finding is that the occurrence 


^ 'DiH. i and R. J. Sardello, Item recall in verbal-discrimination 
poe ated to pronunciation and degree of practice, Psychon. Set, 7, 
EL DES : care L. F. Cole, and J. W. Thornton, Inter-item manipulations of 
implicit associative responses in verbal-discriminati arning, Psychon- 
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of implicit associative responses to W items may be great enough 
to yield summated response frequencies to W items that exceed 
the summated frequencies to their paired R items. Under these 
circumstances, intrapair discriminations may be expedited by the 
use of Rule 2 of frequency theory (‘always select the intrapair 
component with the smaller frequency’; see n. 1). 


T 


NOTES AND DISCUSSION 


THE INTERRELATIONSHIPS AMONG A NUMBER OF 
ASSOCIATION MEASURES 


Abstract. The five-letter words used by Taylor and Kimble were rated by 
100 subjects for number of associations, familiarity, and pronounceableness; 
and Glaze's measure was derived from their responses to the first measure. The 
correlations among these measures of association were quite high (90-98), 
and the relationships between them and the Taylor-Kimble measure of asso- 
ciation latency were also substantial (.73-.78). 


` Taylor and Kimble used a variant of Glaze's procedure to pro- 

vide a meaningfulness, or association, measure for 319 five-letter, 
structurally homogeneous (CVCVC) nouns and paralogs. Thei 
procedure consisted of presenting each verbal item to each subject 
with instructions to give the first association to that item as quickly © 
as possible. A variety of response measures was obtained; the mo st 
conventional and Glaze-related of these was the percentage of sub- 
jects responding to each item in less than 2.5 sec. 

The population of verbal items utilized by Taylor and Kimble 
(n. 1) is an excellent source of items for investigators desiring to 
use material of a somewhat more complex nature than the tra- 
ditionally used trigram. It would be of value to have other as- 
sociation measures for these items, and to be aware of the relation- 
ship between these measures and the association measure used bj 
Taylor and Kimble. The basic purpose of this study was to obtain 
measures of rated association value, familiarity, and pronounce- 
ableness for the population of items provided by Taylor and K 


ble, as well as to examine the interrelationships among all of th 
measures. 


Received for publication May 4, 1970. 
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METHOD 


Materials. The stimulus materials were the 319 five-letter words and 
paralogs of a CVCVC structure utilized by Taylor and Kimble. Three seven- 
point rating scales were constructed to measure: (a) number of associations, 
(b) familiarity of subjective frequency, and (c) pronounceableness. The scale 
of pronounceableness used the category descriptions of ‘very hard, ‘hard,’ 
‘below average,’ ‘average,’ ‘above average,’ ‘easy,’ and ‘very easy.’ The familiar- 
ity scale was similar to that used by Noble;? here Ss were instructed to rate 
the verbal items as to the number of times they had seen, heard, or used them 
in speaking, writing or reading. The categories used were ‘never, ‘rarely,’ 
"below average,’ ‘average,’ ‘above average,’ ‘often,’ and ‘very often,’ The asso- 
ciation scale, modeled after that used by Noble, Stockwell, and Pryer, re- 
quired Ss to judge the number of associations they had to each of the pre- 
sented items? The categories employed were ‘none,’ ‘few,’ ‘below average,’ 
‘average,’ ‘above average, ‘many,’ and ‘very many." Finally, it was possible to 
use this scale to approximate Glaze's measure (n. 1) by noting the relative 
frequency of responses in categories beyond ‘none.’ In an effort to provide a 
task that could be readily completed within & 45-min. period, two forms of 
each scale were constructed, with each form consisting of 159 or 160 items. 
The construction of the two scales was accomplished by using the ordering 
of items on association value as reported by Taylor and Kimble, and assign- 
ing items with odd rank to one scale and even-ranked items to the other. 

Subjects and procedure. The Ss were 100 introductory psychology students. 
Tested in small groups, they were given the three scales and asked to provide 
ratings for each of the CVCVCs listed. 


RESULTS AND DISCUSSION 


Fewer than 50 of the possible 45,850 responses Were lost be- 
cause of the subjects’ failure to respond to a particular item. Thus at 
least 49 responses were available from which to compute a mean 
for each item on each scale. The reliability of each of the three 
rating scales was assessed by correlating mean ratings obtained 
from a randomly selected half of the subjects with corresponding 
ratings obtained from the other half of the subjects. The reliability 
coefficients for the pronounceableness, association, and familiarity 
scales were .94, .98, and .98, respectively. 

The correlations obtained among the varying measures of as- 


aC. E. Noble, The smeaning-familisrity measure, Psychol, Rev» 60, cua 
98. à 
28 i Noble, F. E. Stockwell, and M. W. Pryer; Mesrine (m^ and 


association value (a) in paired-associate syllable learning, Psychol. Rep. 3, 
1957, 441-452, 
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sociation, including Taylor and Kimble’s association-latency mea- 
sure, can be found in Table I, where it may be noted that the inter- 


TABLE I 


INTERCORRELATIONS AMONG AssOCIATION MEASURES 
— Dem NE 


Rated Rated Rated Glaze 
pronunciation association familiarity association 
Rated association .92 
Rated familiarity .91 .98 
Glaze association .91 .92 .90 
Taylor and Kimble 
association .74 .78 .76 3 


relationships among the various scale measures were very high; the 
relationships between these measures and the Taylor and Kimble 
measure were also substantial; thus, it is likely that any one of 
these measures would be adequate for most investigators' use. 

"These general findings are supportive of, and extend the results 
obtained in, an earlier study by Hall, who also found that the - 
interrelationships among measures of rated association, familiarity, 
and pronounceableness for 200 randomly selected trigrams were 
quite high, although the correlations he got did not reach the 
values obtained here The findings also support a recent factor- 
analysis study by Frincke, who, examining a variety of word 
characteristics, identified what he described as a meaningful-famil- 
larity factor, since it loaded heavily on association, familiarity, 
and objective-frequency measures.’ 


Joun F. Har, Pennsylvania State University 
Lawrence Mays, University of Virgima 


4J. F. Hall, Relationships am 
this Jou, 30, 1967, 201-288 ong a number of measures of m 3 
5G. Frincke, Word characteristics, associative-relatedness, and the B 
of nouns, J. verb. Learn. verb. Behav., 7, 1968, 366-372. ee 
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GUESSING AND 
THE ORDER-OF-APPROXIMATION EFFECT 


Abstract. The efficiency with which subjects can fill a missing letter from 
pseudowords of zero- to fourth-order approximation to English was investi- 
gated empirically, The estimate was used to evaluate how much of the order- 


of-approximation effect can be attributed to guessing. It appears that guessing 
has negligible effects. 


ee ee MN 


When letter sequences of various orders of approximation to 
English are presented tachistoscopically, subjects identify more 
letters from the higher orders of approximation to English A 
recent experiment has shown that the order-of-approximation ef- 
fect cannot be explained in terms of simple guessing (i.e., by re- 
sponse-bias notions) ? Although that experiment ruled out response- 
bias explanations, it did not take into account all response-bias 
effects, Thus, while it is clear that response-bias models do not 
provide an adequate account of the order-of-approximation effect, 
it is not clear how much of the order-of-approximation effect can 
be attributed to response-bias effects. The present research was de- 
signed to consider this question. 

According to response-bias accounts, subjects fill in unavailable 
material on the basis of what the context, combined with their 
experience with English, indicates ought to be correct. If subjects 
fill in material in this way, 8 conservative estimate of the utility 
of such operations would be provided by measuring the accuracy 
with which subjects can fill in missing material when presented 
with a maximum of context. 


Received for publication by Professor E. B. Newman. The research reported 
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2D, J. K. Mewhort, Familiarity of letter sequences, response uncertainty, 
and the tachistoscopie recognition experiment, Canad. J. Psychol, 21, 1967, 
309-321. 


440 NOTES AND E j 


METHOD 


Subjects. The Ss were 32 undergraduates at the University of Waterloo. 
They were tested immediately following another experiment, which involved 
recognition of tachistoscopically presented number sequences. 

Materials and procedure. Each S was shown 32 eight-letter pseudowords, 
8 each of zero-order, first-order, second-order, and fourth-order approximation 
to English. These materials were taken from the lists provided by Miller et 
al. (n. 1). In each pseudoword, one letter was deleted and replaced with an- 
ampersand. Within each order of approximation to English, the position of - 
the deleted letter was counterbalanced with pseudowords according to an 
8 X 8 latin square. Counterbalancing in this way divides the stimuli into eight 
sets; four Ss were randomly assigned to each set of material. b 

The pseudowords were typed on 3 x 5 in. file cards and were presented 
individually in a different random order for each S. Each card was presented - 
until the S had completed his response. 

Replication. The experiment was repeated using 32 different Ss. For the. 
replication, however, each set of pseudowords was typed on a single sheet and 
the Ss responded by writing their response beside the appropriate pseu 


RESULTS AND DISCUSSION 


Because the experiment and its replication yielded highly similar. 
results, they were combined. Taking the number of letters cor- 
rectly supplied as a proportion of the numbers that it was possible. 
to obtain, the probability of correctly filling in a missing letter was 
estimated. The estimates for the zero-, first-, second-, and fourth- 
order pseudowords were .023, .068, .131, and 188, respectively. 

The data clearly show that the subjects did fill in a missing 
letter more efficiently from the higher orders of approximation to 
English. The remarkable feature of the present data is that the 
subjects filled in letters as poorly as they did. For example, suppose 
that one uses the hit rates estimated in this experiment to cal- 
culate the expected value for the order-of-approximation effect in 


the information received from the tachistoscopic exposure. In 
case, they must fill in four letters by guessing from the con! 
provided by the letters they can report. Based on the binom! 
distribution (p = .188 for fourth-order material and .023 for zero- 
order material; see above), the expected number of correct le 
in four guesses is .092 and .752 for zero- and fourth-order 
terials respectively. Thus, the average number of letters corre 
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the hypothetical recognition experiment ought to be approximately 
4.09 and 4.75 respectively. 

The results of this calculation of expected means differ wildly 
from the typical results in tachistoscopie experiments. It has been 
shown under a wide range of exposure durations and levels of 
illumination that the mean number of letters reported from the 
fourth-order material is approximately 1.59 times that reported 
from the zero-order material. Thus, if subjects report a mean of 
approximately 4.1 letters from a set of eight-letter zero-order 
pseudowords, they can typically report 6.52 letters from a cor- 
responding set of fourth-order pseudowords. In other words, the 
size of the order-of-approximation effect predicted from the present 
estimate of hit rate is only 2776 of the usual order-of-approxima- 
tion effect. Furthermore, because the probability of guessing two 
letters in four guesses (p — 188, q = .812) is approximately .10, 
it is clear that the probability of guessing the prerequisite 2.42 
letters is close to being significantly small by the usual standards. 

Not only does an estimate of the size of the order-of-approxi- 
mation effect widely underestimate typical tachistoscopie results, 
but the estimate itself is likely to be an overestimate. First, the 
estimate is based on a probability obtained from an experiment 
in which subjects had a maximum context (ie. seven of eight 
letters), In the present example, we allowed a context of only four 
of eight letters. Thus, it seems reasonable to assume that the effi- 
ciency of guessing in an actual recognition experiment ought to be 
less for the higher order of approximation than the values ob- 
tained in the present guessing experiment. Secondly, in using the 
expected value of the binomial distribution, we assumed that guesses 
were independent. This seems an unlikely assumption. In view of 
the fact that the probability of guessing a letter correctly is low, 
it is reasonable to assume that subjects generate a good deal of mis- 
leading context. Thus, if their guesses are not independent, that 
self-generated context ought to further reduce guessing efficiency 
from the estimates provided in the present experiment. In sum, tak- 


3 D, J. K. Mewhort, Sequential redundancy and letter spacing as determi- 
nants of tachistoscopic recognition, Canad. J. Psychol., 20, 1966, , me 
D. J. K. Mewhort and E. Tulving, Sequential redundancy, illumination level, 
and exposure duration 88 determinants of tachistoscope recognition, Tape 
presented at the meeting of the Canadian Psychological Association, He m 
Nova Scotia, 1964; Miller et al. (n. 1 above); E. Tulving, Familiarity end 
letter-sequences and tachistoscopic identification, this JOURNAL, 16, 1963, 
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ing the present evidence together with previous studies of response- 
bias effects, it appears that response-bias effects such as guessing 
neither serve as an explanation for the order-of-approximation 
effect nor contribute appreciably to the size of the effect. 


D. J. K. Mewuort, Queen's University, Canada 


A CONTROL FOR OCULAR TRACKING IN THE 
DEMONSTRATION OF POSTRETINAL 
VISUAL STORAGE 


If a figure moves rapidly behind a stationary opaque screen and 
is viewed through a narrow slit in that screen, more of the figure 
Will be seen at, any instant than is actually present in the slit and 
the figure will be seen as compressed along the direction of its move- 
ment.’ One explanation for this phenomenon could be that an ob- 
Server's eyes tend to track the moving figure and, therefore, to 
‘paint’ its image across the retina. By this hypothesis, the observed 
shrinkage would reflect imperfect (slow) tracking. The tendency to 
perceive instantly more than is present would be attributed to 
retinal afterimages. In fact, Anstis and Atkinson have shown that 
When observers were required to track moving figures viewed 
through a slit, the perceived extent of each stimulus pattern could 
be predicted from the extent of the eye movements that occurred 


The lie algebra of visual perceptio i eing Scientific 
Research Laboratories, 1965, 4T ™ Mathematical Note 408, Boeing 
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during its presentation. There is little ground for doubting the 
proposition that tracking, when it occurs, would produce percepts 
of the kind described above. However, Anstis and Atkinson con- 
cluded that any instance of figural perception under these conditions 
depends on such movements. A simple demonstration (Figure 1) 
suffices to bring that generalization into question. 


Fic. 1. Arrangement of the demonstration. Materials include three pieces of 
common opaque card-stock. A simple figure (a circle) is drawn on surface C 
and viewed through a slit in card B. An identical figure is drawn on card B 
and viewed through a slit in card A. Cards A and C are held stationary, 
while B oscillates between them at a rate of approximately one cycle per 
second. The vicinity of the upper edge of the lower figure forms a convenient 
fixation point for the simultaneous observation of both stimuli. Viewing 
distance should be 15 in. or more. 


All that is required is a stimulus situation which allows for 
simultaneous observation of (a) a moving figure viewed through a 
Stationary slit and (b) an identical, but stationary, figure viewed 
through a moving slit. Under these conditions, any tracking move- 
ments that are present in the observation of the first (moving) 
figure will also result in a perceived distortion in the shape of the 
second (stationary) figure. That is, Haber and Nathanson (n. 1) 
have shown that tracking a slit which moves over a stationary 
stimulus will produce shrinkage in the apparent shape of that 
stimulus. On the contrary, however, my observations under the 


4 , t 
2 Anstis and Atkinson (n. 1); they did not, however, include a no-movemen' 
condition. That condition would, of course, be critical to the present question. 
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conditions deseribed in Figure 1 often include a (foreshortened) 
percept of the moving circle coincidental with veridical perception 
of the stationary circle. 


Tueopore E. Parks, University of California, Davis 


CORRECTIONS 


The notes to Tables I and II of Professors Mershon and Gogel's 
article on “Effect of Stereoscopic Cues on Perceived Whiteness” 
(Vol. 83, No. 1, pp. 61 and 62) should both read: 


Note: On scale of W’, full white is 6 and black is 1; d' and D’ in in. 


The seventh line of the third paragraph of Father Stafford's ar- 


ticle on “Thomas Verner Moore: 1877-1969” (Vol. 83, No. 2, p. 286) 
should read: 


laboratory at Catholic University in 1891, to Leipzig to study under 


ee Ó— — 7 


BOOK REVIEWS 


Edited by JULIAN HOCHBERG, 
Columbia University 


THE EXPERIMENTAL PSYCHOLOGY OF SENSORY BEHAVIOR. By 
Joun F. Corso. New York: Holt, Rinehart and Winston, 1967. Pp xii, 628. 
$12.95. 


Suppose I say to you: “I intend to write a book that will prepare the un- 
prepared for a course in experimental psychology. I shall do this by dealing 
mainly with sensory processes and research methods. In this way I ean at 
once cope with the boundless growth of published work and show the impact 
of this work on sensory behavior. First I shall prepare the student for dis- 
covering empirical laws relating stimuli to responses and for formulating 
scientific theories of behavior. For this, Part I, ‘Foundations of Psychology’ 
is indispensable, as it will cover philosophy, physics and physiology-the 
disciplines that are the bedrock of scientific psychology. Next I shall try to 
remedy the inability of the student to read original papers by relating 
theories of measurement to the design of experiments and to psychophysical 
methods. This aim is to be achieved by Part II, ‘Quantitative Methods in 
Psychological Research” In Part III, ‘Classical Problems in Experimental 
Psychology,’ the student will be led by way of sensory thresholds considered 
classically, through adaptation and recovery, to disorders of the eye, ear, 
balance, smell, and taste. What was learned in physics and, especially, 
physiology often will allow these phenomena to be explained by the ideas of 
neurology. Both normal and abnormal sensory behavior will be explained in 
the context of selected theories. From the islands of Psychophysics and Sen- 
sory. Specialists (lying just off the coast of Physics and Physiology) the stu- 
dent will be airlifted out of the classical problems to explore four selected 
clearings in the Jungle of Theory. The vehicle is Part IV, ‘General Theories 
in Contemporary Psychology.’ One chapter each will be devoted. to 
(a) theories of sensory discrimination, (b) information theory, (c) adaptation- 
level theory, and (d) theories related to sensory deprivation. These are 
general, not special, theories. They are not specific to any one sense mode. 
In short, I shall give the student a wide view of theory and experiment as 
practiced by contemporary Sensory and perceptual psychologists.” A 

Those are not Professor Corso's words: they are mine. But I believe them 
to hold the essence of his words about the aims and arrangement of his 
book, and the reasons for writing it. I accept most of his aims and intentions 
as being valid and sensible. Anyone who has thought of writing & monograph 
on just one of the perceptual systems—even assuming that the student 
knows mathematics, physics, and physiology—must have a deep appreciation 
of the very ambitious task that Professor Corso set himself. Many of us had 
hoped that his book would provide us and our students with a contemporary 
review of psychophysics and sensory psychology. I am sorry to have to say 
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that being mortal like any of us, he has fallen short of most of the goals. 
But he has put us in his debt, for his heroic try reveals the true vastness of 
the job and points out directions to be tried and byways to be shunned, 

What went wrong? Said briefly, I believe that the several parts were not 
tied together to make a unified whole. The parts are incomplete or idio- 
syncratic and do not take proper account of important contemporary work 
in experimental and theoretical psychology. I shall give now examples of some 
of the most grievous faults. 

Some topics suffer from an unwarranted incompleteness or omissions. Color 
vision is discussed almost incidentally in the 10 pages devoted to deficiencies 
in color vision. About theory Professor Corso says, “Our presentation, hows 
ever, will be restricted to the Young-Helmholtz theory; the reader may 
pursue the other theories, namely, the Hering theory, the Ladd-Franklin 
theory, and the Land theory, in other sources" (p. 370). The fundamental 
notion of recurrent inhibition is not treated, and the names of Hartline, 
Granit, or Ratliff do not occur. Lateral inhibition and reciprocal inhibition 
are mentioned once in passing, and it is recognized that the former may be 
a general principle of afferent systems (though definitions given by example 
are confusing). F. Ratliffs book, Mach Bands: A Quantitative Study on 
Neural Nets in the Retina, 1905, is, astonishingly, not referenced. There are & 
number of psychophysical methods not mentioned. In the section on signal- 
detection theory there is no mention of the 2, 3, ... , n-interval temporal or 
spatial forced-choice method or its relation to the d' measure of the *yes-no' 
experiment, 

There are idiosyncratic and misplaced emphases, The dead issue of neural 
quantum theory of sensory discrimination is given 23 pages but the lively 
theory of signal detectability only 15. The exposition of the latter is not easy 
to follow, in part because there are no good computational examples. Inci- 
dentally, the important book of D. M. Green and J. A. Swets (Signal De- 
tection Theory and Psychophysics, 1966) is not referenced. There are 54 pages 
on factors in conductive deafness, 63 pages on factors in neural (perceptive) 
deafness, and 33 pages on hearing aids and auditory theory. 

It is not easy to justify such imbalances and omissions as due to selectivity. 
The theory of hearing that began with Békésy in about 1928 has generated & 
great amount of important work, ranging from molecular biology through 
auditory psychology. and physiology to the perception of music, Yet Pro- 
fessor Corso has virtually omitted any reference to this work. The ideas of 
lateral inhibition in retinal nets, based on the work of Hartline and Granit, 
began over 30 years ago. These ideas, coupled with those about pattern and - 
motion detectors in the retina, have enormously increased our understanding. 
of the way in which general neural nets work. Experimental and theoretical - 
research has inereased exponentially in every field of vision, from biophysics 
to the perception of color, form, and motion by humans. Some notions of 
Gestalt psy chology and physiology once a pole apart have been joined in & 
mathematical union. Professor Corso has excluded this work from his book. 

It may be said that what Professor Corso aimed for was an exposition of. 
the experimental psychology of sensory behavior, not of sensory physiology. 
If that is true, he has misled us to believe that physiology should inform 

psychology: “this direct interdisciplinary attack on problems of behavior 
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tends to minimize any inconsistencies which might otherwise arise through the 
study of psychology and physiology as isolated areas” (pp. 82-83). There is 
little mutual interplay between physiology and psychology in the text. A good 
deal of information is contained in the two chapters (3 and 4) on the nervous 
system and sensory receptors, but it is abstract and summary. Graphs and 
figures showing what is connected to whom could have been added to breathe 
life into these chapters. In any case, not much use is made of this neurology 
and physiology in later chapters, although the number of pages spent on 
abnormalities sets one to expect more. An illustrative case is the 40 pages 
on sensory deprivation (Chapter 14). 

The physiological theory advanced to account for the phenomena of sen- 
sory deprivation amounts to saying that “the reticular system monitors all 
input and output activities of the sensory systems and, as a consequence, be- 
comes adapted to certain levels of adaptation" (p. 588). Feelings and acts are 
influenced by the response level of the reticular system. When the normal 
level is exceeded, “the ‘unusual’ effects of sensory deprivation are obtained" 
(p. 588). No attempt is made to relate a single fact of sensory deprivation 
from the preceding 38 pages to this loose hypothesis. 

Chapter 6, on experimental design and the testing of hypotheses, is, in 
my opinion, misleading in title and inadequate in content. Tt consists mainly 
of a section called "Some Representative Experimental Designs with a 
Single Independent Variable.” What is actually covered? It discusses ¢ tests 
for independent and correlated means, and randomized design with more 
than two groups; the factorial design is informally defined, but “we will not 


I was struck by the great number of photographs (8 half pages and 2 full 
pages) of brain surgery: control rooms, instruments, transducers and im- 
planted electrodes, and stereotaxic devices. Most of these give no hint about 
the technique or process. Simple diagrams could have been informative. The 


tive photographs there was no diagram showing the theory of spatial con- 
ductance of the nerve impulse, or of the digital-analog-digital process relating 
two axons to each other through a synapse. There were no illuminating elec- 
tron micrographs showing, for example, the basic ciliary structure of rods, 
cones, and hair cells of the cochlea and labyrinth. 

The best discussions occur in Part IV, where there are some very useful 
treatments of theories of sensory discrimination (Chapter 11), of information 
theory (Chapter 12) and of adaptation-level theory (Chapter 13). I have 
already suggested that “Sensory Deprivation” (Chapter 14) is misplaced in a 
section on theory. Except for the excessively long section on the ni 
quantum theory of sensory discrimination,” the discussions in all four chap- 
ters are quite uncritical. Some 47 pages are devoted to information theory, 
which is said to have “tremendous utility” (p. 506), an opinion that will be 
shared by few these days. I grant that the notion of uncertainty has been used 
in a masterly way by a few—most notably G. A. Miller and W. R. Garner— 
but it has serious limitations, as Professor Corso wisely cautions. 


The Experimental. Psychology of Sensory Behavior is in truth not a con- 


temporary account. For one thing, it reflects the conservative attitudes of the’ 
‘hypothetico-deductive method’ of 30 years ago, as may be seen in some of 
“Orientation” sections with which each chapter begins. Professor Corso deli- 
cately shuns explanations of psychology in physiology, and physiology in 
physics (reductionism). Each science has its proper laws. Cross-fertilization 
may be too costly in time and effort (p. 31). “The unity of science which 
is sought in reductionism must be achieved through the use of a common 
methodology, not the anticipation of a common theory or set of laws" (p. 
30). Add to this the notion of unidirectional dependency of fields “from 
left to right, with psychology placed between the physical-biological sciences. 
and the social sciences. The dependency, however, is not shown to be among — 
laterally arranged fields, but upon philosophy” (p. 26). After reading this it 
becomes easier to understand why Professor Corso did not often integrate 
neurology and psychology, and why he omitted, for example, linear-systems 
analysis of audition and vision; mathematical, computer, and cognitive (in= 
formation-processing) models; mechanisms of sensory storage and re! T 
perceptual learning, and speech perception. Of course, some of these omissions 
may be related to the fact that only about 12% of the references are later 
than 1961. 

1 It must be said that the book is attractive and well-made. The line draw- 
ings and graphs are excellent. It must also be said that the bibliography and 


author index contain many annoying errors caused by too-careless proofing. 
There is much useful, detailed material in Chapters 7 (“Psychophysical 
Methods"), 8 (“Absolute and Differential Thresholds”), and 9 (“Adaptation 
and Other Sensory Phenomena”); and in Part IV, “General Theories in 
Contemporary Experimental Psychology.” By the careful addition of experi- — 
mental and theoretical work, together with critical discussion, some instructors 
may be able to eke out the book into a useful text. J 


Epwaro Carrererre, University of California, Los Angeles - 


į 
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HELMHOLTZ ON PERCEPTION: ITS PHYSIOLOGY AND DEVEL- 
OPMENT. By Rircman M. Warren and Rost P. Warren. New York: 
Wiley, 1968. Pp. x, 277, E 


This book is a collection of six selections from Helmholtz's writings on 
perception. Publication of the book was undoubtedly stimulated by the 
recent renewal of interest in perception. However, only two of the selections, ' 
The Facts of Perception" and the “Origin of the Correct Interpretation 
our Sensory Impressions,” have been translated by the editors for this. 
, volume. The other four selections have been available in English translati 
for many years. It is unfortunate that the editors did not choose to in 
translations from the second edition of the Treatise on Physiological O 
The third edition, which was translated into English, is a reprint of the fin 
edition with editorial addenda; but the second edition, which has never 
translated into English, represents Helmholtz's own final thinking on m 
problems. The present collection is a useful source of Helmholtz's views on 
perception but contributes little that was not previously available to the 
psychologist who does not read German. 
The book is, in a way, a hybrid. The first three selections are taken from 
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Correct Interpretation of our Sensory Impressions," Helmholtz formulates 
his view of the perceptual process. In the selection “The Facts of Perception," 
Helmholtz's motivation appears to be philosophical rather than psychological. 
He is concerned with showing that the origins of our ideas are derived from 
experience, and he argues that if we can imagine non-Euclidian spaces, then 
Kant's contention that the axioms of Euclidian geometry are necessary conse- 
quences of a transcendental intuition is false. 

Central to Helmholtz's theory of perception are two propositions. The first 
is that “we are not in the habit of observing our sensations accurately except 
as they are useful in enabling us to recognize external objects. On the con- 
trary, we are wont to disregard all those parts of the sensations that are of 
no importance so far as external objects are concerned” (p. 172). The second 
central proposition is that “such objects are always ii ined as being present 
in the field of vision as would have to be there in order to produce the same 
impression on the nervous mechanism, the eyes being used under normal 
conditions" (p. 175). Helmholtz accepted the distinction between the imme- 
diate, simple units of awareness (sensations) and the complex mental com- 
pounds that the mind builds from them (perceptions). Perceptions, however, 
are not an aggregate of sensations. For Helmholtz, sensations are signs or 
cues for external objects. The mind utilizes the information provided by 
sensations to infer the properties of external events and objects. By empha- 
sizing that perception is directed toward objects rather than toward sensory 
qualities, Helmholtz lays the groundwork for the functionalist viewpoint. 
Perception is to be understood in terms of how it allows an individual to 
behave adequately with respect to his environment. Helmholtz's hypothesis 
that perception represents inferences formulated on the basis of sensory 1n- 


this hypothesis has been applied in many. ways. The concept was enlarged by 
Brunswik in his theory of probabilistic functionalism, in which the perceptual 
system is conceived of as weighing fallible cues on the basis of past experi- 
ence. In recent years the hypothesis has been given & sophisticated mathe- 
matical formulation in terms of statistical decision theory. If one substitutes 
for sensations the analytic operations that convert a stimulus into features 
or cues, and for judgments done by the mind computational like processes 
carried out by neural networks, Helmholtz's hypothesis underlies many cur- 


rent, models of perception. 
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Though perceiving and thinking are similar in their hypothesislike char- 
acter, there are substantial differences between the two. Perception, unlike 
thinking, involves processes that are rapid, automatic, and irresistible. It is the 
stereotyped nature of perception that is the basis for illusory perceptions 
such as occur in the Ames 'distorted room.' The room is seen as rectangular 
because this is the ‘best bet’ among alternative interpretations. Because the 
room is seen as rectangular, people are seen to grow and shrink as they move 
from one side to the other along the back wall. Once established, the frame 
of reference determines the perception of size even when the resulting 
percept runs counter to usual experience. Changes in the retinal sizes of an ob- 
ject become perceived as changes in the distances of the object only if the 
object becomes an invariant anchor and changes the spatial framework. An 
object’s apparent size follows from the spatial framework established, and not 
solely from past experience with that object. The rapid, stereotyped nature of 
perception suggests that it depends on specific and automatic mediating mech- 
anisms, and not on a general cognitive inference. This is consistent with 
numerous experiments showing that perception depends on highly specific 
information given visually. 

Helmholtz was aware that there are important differences between percep- 
tion and thinking. The inferential procedure in thought involves the formula- 
tion of rules, the examination of premises, the checking of inferences, and 
conscious intermediate stages. Perception involves intuitive inferences in 
which sensory data produce the perception of an object without clear and 
conscious intermediate stages. Though Helmholtz often speaks of a general 
inferential process without regard to specific mechanisms, he was also well 
aware that perceptions may depend on specific mechanisms. For example, he 
Suggested that the stability of the environment during saccadic movement 
derives from a comparison of the perceptual feedback with the command 
signals producing these changes. There is a comparison of the displacement 
of the field with the initiating signals. If the signals resulting from retinal 
movement match the copy of the command, the environment is perceived 
as stationary. When the two do not match, motion is perceived. Knowledge 
that the eye and not the environment is moving, as when one jiggles his eye, 
still causes apparent movement. The information has to be given in terms 
of a centrally initiated eye movement and a specific visual feedback if the 
apparent movement is to be canceled. A second illustration may be taken 
from Helmholtz's treatment of color perception. Helmholtz's theory of color 
constancy is often described as involving a judgment in which the color of 
the illumination is discounted. This discounting, however, occurs in terms 
of a specific medium. The average color reflected from a scene defines an 
achromatic point. The discounting of the illumination is to be interpreted 
in terms of a shifting of the achromatic point in the color space. It is not 
knowledge of the illumination per se that is important; what is important is 
the specific information given to the visual system, which determines the 
achromatic point. Helmholtz’s explanation of color contrast, often said io 
involve an error of judgment on the part of the observer, is also based on ® 
shift of the achromatic point due to the color of the background. 

We have made considerable progress in the study of sensory processes 
since Helmholtz. New experimental techniques as well as new concepts have 
been developed for the analysis of sensory functions. For example, quantità- 
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tive measurements of retinal photopigments, the traveling-wave theory of 
pitch discrimination, and electrophysical and psychological studies of lateral 
summation and inhibition have provided a fundamental knowledge of the 
sensory mechanisms in audition and vision about which Helmholtz could only 
speculate. Unfortunately, we have not developed comparable new concepts 
and findings in the area of central processes. Although the development of 
computers has stimulated a number of theories of perceptual processing that 
have proven to be of interest for the problems involved in performing auto- 
matic shape and pattern recognition, these have not succeeded in elucidating 
the fundamental perceptual processes. To take a simple example, Helmholtz 
was aware that the continuous sequence of perspective projections of an 
object that accompanies head movements yields the appearance of a solid ob- 
ject from altered points of view. What are the rules by which this sequence of 
perspective views is mapped into a perceptual object? It is commonly 

to a general inference deriving from our experience in moving about space. 
But an explanation in terms of past experience does not explain the precise 
coupling between movement of the object and movement of the head that 
occurs in the Mach-Eden illusion. In the Mach-Eden illusion a card is 
folded into the form of a W and placed on a table. When it is viewed with 
one eye, one is able to see the card in false perspective standing upright on 
the table. When it is seen as upright, the perspective projections of the 
accompanying movements of the head cause the card to appear to twist and 
turn. This illusory movement shows the power of Helmholtz's rule that we 
see objects as they would have to be under normal conditions in order to 
produce the prevailing retinal image. However, the mechanism peng ol 
a precise coupling between the transformations of a retinal image and the 
movements of the card is unknown. The challenge to perceptual theory is 1o 
discover the mechanisms that explain the basis for Helmholtz's empirical 
ption. We have few hypotheses about the mediating 


rule for predicting perce| d 
mechanisms underlying the perception of a veridical, stable, and structered 


world that go beyond Helmholtz's classic work. > 
Jacos Beck, University of Oregon 


INF D ESTHETIC PERCEPTION. By Assam 
NTORMATION NN 2 University of Illinois Press, 


Mores. Translated by Joeu E. COHEN. Urbana: 
1966 (cloth), 1968 (apart Pp. xi, 221. $7.50; $2.45. 
This book, first published in France in 1958 as Théorie de ees 
et perception esthétique, is part of the enthusiasm for information — 
that peaked in the 1950s. Professor Moles connects the ideas of pes A 
and communication theory to problems of aesthetics (especially to pula 
music) in an imaginative but very general way. After more than a decade, 
much of it filled with reaction to and criticism ©} 
mation theory, it is inevitable 
dated. Nevertheless, in “£ a gente 
attem i e kind of scien 
lae RE Its emphasis on the analysis of the ani v ig 
aesthetic stimulus is especially good. Anyone familiar ket. e vu 
mishmash of subjective inconsistencies loosely called ce ei a 
how much we need any approach that brings even the 


rigorous thought and empirical leavening. 
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Now that the book is out in paperback, it should be a useful addition to 
any contemporary course that approaches aesthetics from a scientific view- 
point or studies those contemporary art forms strongly influenced by science 
and technology (electronic music, computer art, and so on). . 

Paut Vrrz, New York University 


LEARNING: PROCESSES. Edited by Mervin H. Marx. New York: Mac- 
millan, 1969. Pp. 573. $9.95. 


This is the first of a series of three books intended as texts for an upper- 
level course in learning. The other two books, Learning: Theories amd Learn- 
ing: Interactions, are to appear later. The present volume is divided into 
sections, each section by a different author and each containing one or more 
chapters, This approach has the advantage of allowing each author to write 
solely in the area of his expertise, Most of the sections are comprehensive 
up-to-date summaries of their fields. The body of the work—sections by 
D'Amato on instrumental conditioning, by Gormezano and Moore on classical 
conditioning, by Kalish on stimulus generalization, by Cofer on verbal learn- 
ing, by Ellis on transfer and retention, and by Adams on motor behavior— 
accomplish what the editor has intended. The book covers what a college 
senior graduating with a major in psychology should know about the subject. 

The approach, however, has disadvantages. There is some variance in style. 
For instance, Gormezano and Moore's chapters contain much more detail and 
are more empirieally oriented than D'Amato's and Kalish's chapters, which, 
despite the empirical objectives of this volume, spend many pages on 
theoretical questions. Given the nature of the material, such differences in 
style may be unavoidable, but a single author would have minimized them. 
A more serious deficiency is that the approach allows the existence of gaps. 
While each area covered by the several authors is covered well, there are 
fome, vee that are only briefly touched upon. There is an entire section 
(Kalish s) on gneralization, but there is very little on secondary or conditioned 
reinforcement, In fact, this topic is not mentioned in the index. Choice, 
probability learning, and attention receive only cursory treatment. A short 
chapter (Marx’s) on the free operant discusses shaping and schedules of 
reinforcement; but it is far below the other sections in terms of compre- 
hensiveness and quality. 

The excellent detailed treatment of several specific areas makes this book 
suitable as an advanced-level text, but because of its several gaps, it could 
not serve this function alone. Most instructors would want to use much 


supplementary material with it or i nt to 
another text. to use this volume as a suppleme 


Howard Racuu, State University of New York at Stony Brook 


THE MOLECULAR BASIS OF MEMORY. By Eowann M. GUROWITZ- 
Englewood Cliffs, N. J.: Prentice-Hall, 1969. Pp. viii, 89. $3.50. 


This book is essentially a critical review and discussion of the complex 
area relating macromolecules to memory and learning. It is clear and complete 
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(up to January, 1968). No partieular background is needed; a short chapter 
on the biochemistry of RNA and protein is included for the reader unfamiliar 
with these concepts of molecular biology. The author begins with a discussion 
of the hypothermia and electroshock experiments that form the basis for the 
belief that memory is not dependent entirely on ongoing electrical events but 
has, in addition, a structural or chemical basis. The next two sections describe 
and analyze the evidence that RNA and protein are the molecular substrates 
of memory. The author concludes that both molecules are probably involved 
but that the hypothesis does not rest on any really firm experimental 
grounds. Rather, the attractiveness of the hypothesis comes from a battery 
of suggestive experiments. A few sections on molecular theories of memory 
are contained within these chapters. These sections, in my opinion, are neither 
comprehensive nor particularly penetrating. The final section describes the 
controversial interanimal transfer experiments. It is interesting to read 
through the maze of experiments and hypotheses, but it is really impossible to 
draw any conclusions. The author's conclusion that “data seem to indicate 
that the inter-animal transfer phenomeon is a real, albeit highly elusive, effect 
probably based on & polypeptide or small protein" (p. 70) is, it seems to 
me, premature. 

I rather enjoyed this book and found it readable and quite complete: I 
would recommend it as an introduction to the field or as a refresher, I did not 
find it particular strong in presenting an overview of the nature of the prob- 


lem, however, or in highlighting certain key experiments or their conclusions. 
reader will need to 


Because the field is developing so rapidly, the interested In 
supplement this book with recent studies from the literature. This is par- 
ticularly true for studies of memory using protein-synthesis inhibitors and of 
RNA changes found with training. 

Cari CoTMAN, University of California, Irvine 


READINGS IN PHYSIOLOGICAL PSYCHOLOGY: NEUROPHYSIOL- 
OGY/SENSORY PROCESSES. Edited by CHARLES G. Gross and H, Pru 
Zurcuer. New York: Harper & Row, 1969. Pp. viii, 286. $5.25. 

This paperback is one in Gross and Ziegler's series of three collections ^i 
readings in physiological psychology. The other two collections cover the 
areas of motivation and of learning and memory. The books are designed sd 
undergraduates, and can be used either separately or in combination. pe Doe 
ings in neurophysiology and sensory processes are meant to illustrate M rela- 
tionship between basic neurophysiology, Sensory physiology, and be ais 
(p. 1), and consist of 15 reprints of articles from usually accessible profes- 
sional journals. Two of these concern neurophysiology, and the remaining 


grouped according to the following topics: 
and central control of sensory input. 
at which collections of readings are being published, it 
seems appropriate to make & few evaluative comments concerning this prac- 
tice. First, no book of readings is entirely satisfactory to any instructor. 
Because of differences in emphasis and differences of opinion about the a 
portance of specific articles, individual instructors prefer different sets O 
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readings. Second, undergraduates often find journal articles difficult, and 
indeed, discouraging, for a variety of reasons. Some students are overwhelmed 
by detailed or lengthy methods sections, and some by esoteric discussion 
sections. In fact, many students entirely miss the significance of journal ar- 
ticles. This is related to a third possible criticism of books of readings. 
Editors in general supply little or no introductory material that would pre- 
pare the student to read an article and help him to realize its contribution to 
the field. 

It is certainly not my contention that undergraduates cannot or should not 
read journal articles. On the contrary, I think journal articles can be very 
worthwhile for undergraduates, provided that these students are prepared to 
read them. One such preparation can be provided by class lectures. Another 
could be the preparation provided by editors, in the form of explanatory re- 
marks before and after each article. Gross and Zeigler supply this to some 
extent, Before each group of readings are introductory remarks that clearly 
place the papers in historical perspective and indicate the overall goal of the 
research. This material is very well presented and more extensive than that 
usually found in collections of readings. But even here it is not sufficiently 
detailed, and in fact comprises merely 6% of the total text. Finally, in some 
Tare cases, articles need no student preparation for them. That is, some 
articles provide a more general treatment of a large body of research and 
clearly state the procedure and goals of this research without esoteric detail. 
Some invited addresses to the American Psychological Association fall into 
this category. Although a few of the readings selected by Gross and Zeigler 
are of this type, the majority are not. 

Thus, to conclude, I would not select this book for my course, but this 
decision is based on the above criticisms of books of readings in general. 
However, many psychologists do not share a number of my opinions. In 
fact, to be fair to these editors, it is probably true that many instructors 
of sensory psychology and sensory physiology will be satisfied with most of 
their choices and will find their explanatory material more extensive and more 
informative than is usually the case in such collections, and consequently 
will want to consider this text for their courses. 


Donatp C. Hoop, Columbia University 


SPEECH BEHAVIOR AND HUMAN INTERACTION. By Georos A. 
Bornen, Rrcmamp B. Greca, and Turopore G, Grove. Englewood Cliffs, N. & 
Prentice-Hall, 1969. Pp. viii, 260. $5.95. 


Drawing concepts and experimental results from a variety of sources in- 
cluding neurology, psychology, and cybernetics, the authors attempt to focus 
a wide range of knowledge in terms of speech behavior in human interaction. 
The book is intended as a text for introductory courses in speech, though 
certainly not for traditional courses concerned with how to make effective 
speeches. The first part of the book deals with processes of communication 
within the individual; the second part examines interpersonal communication; 
and the final section deals with public communication. Unfortunately, 
three major sections are not very well integrated, each representing à more 
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or less independent essay with only superficial cross-references from one 
section to another. 

Having taken my first and last speech course some 25 years ago, I was 
delighted to discover that this text was designed to offer students something 
other than recipes for making after-dinner speeches. But while the authors’ 
aims are entirely laudable, they have achieved only limited success in their 
present text. As a result of trying to cover an extraordinary range of knowl- 
edge within the limits of a relatively short book, they are forced to treat 
most topics in rather general, and often vague, terms. Thus, the serious begin- 
ning student may well reject this approach to the study of speech behavior, 
feeling that the contributions of other disciplines are too superficial to wgr- 
rant further intensive study. Moreover, the authors sometimes become in- 
volved in topics only. tangentially related to speech behavior, and the reader 
primarily interested in speech may easily lose interest as the text moves from 
a consideration of self-concept, to role theory and a discussion of public com- 
munication that goes far beyond the usual definition of speech behavior. 

In general, then, this text represents a desirable movement in the direction 
of integrating relevant disciplines in the study of speech. But in order to 
achieve this integration meaningfully, a much more systematic and intensive 
treatment is required than that offered by this book. Perhaps the authors 
might profitably view this volume as an outline for subsequent work that will 
do justice to their admirable aims. 

Jorn R. Davirz, Teachers College, Columbia University 


HUMAN INTELLIGENCE: ITS NATURE AND ASSESSMENT. By 
H. J. Burcuer. New York: Barnes & Noble, 1968. Pp. 343. $8.75. 


This is an important book. Psychology’s increasing preoccupation over the 
last three decades with learning theory and experimental design. has tended 
to obscure the empirical and descriptive areas known collectively in an earlier 
day as ‘individual differences,’ within which was “ntelligence.’ Yet "intelli- 
gence’ and its measurement remains psychology’s firmest accomplishment. 
No other psychological dimension has been more effectively measured, from 
the standpoint of stability and prediction to performance, and certainly no 
other contribution has had comparable immediate and long-range effects on 
society. Yet ‘intelligence’ is generally neglected, even dismissed as meaningless, 
in contempora chology. . 

The ee ud his explicit aims: (a) “to treat the subject of huma 
intelligence not as a narrow specialty but as & fundamental topic in psycho = 
ogy, to which many different kinds of survey, experiment and se are 
relevant"; (b) “to provide an up-to-date guide to much of what is ao 
and where it can be found with particular reference to work done in the ; 
decade"; (c) "to swing the pendulum a little against the current state i 
opinion, insofar as this holds that ‘intelligence’ is an out-dated irai 
(p. 9). These objectives are brilliantly achieved. At a time when oram ed 
in psychology consists of reports of programmatic research, much of it in 


idi : : i investigators, sometimes overextended 
Hioryncintis sei poo curs, ge of the literature that. 


and often overstated in theoretical language, à review 
dispassionately and judiciously sets in order & particular concept, evaluates 
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it, and shows what particularly needs to be done, is especially valuable. 
The author's argument makes clear the atheoretical nature of the concept of 
intelligence and what must be done to give it a better theoretical position. 
He is committed to a positivistic position, yet flexibly so. He recognizes the 
fallacies of hypostatization into which the noun ‘intelligence’ has led us and 
proposes that we consider the adjectival or adverbial forms of the word as 
more useful. He proposes, and defends with considerable success, the concept 
of a general ability as set off against more qualitative ways of viewing 
functioning, marshaling the evidence that we here deal with a dimension that 
has both statistical-logical and functional-psychological meaning. He recog- 
niges the dangers inherent in ‘open’ concepts not fully specified operationally 
and argues persuasively for progress toward the latter goal. But he does not 
want to commit us prematurely to arbitrarily selected and limited operations. 
His discussion of the definition of intelligence deserves to be read both by 
those who would push us precipitously into operational definitions and by 
i those who are reluctant to specify too sharply less some qualitative ‘richness’ 
of meaning be lost. He offers an excellent statement of some epistemological 
issues in psychology’s ‘philosophy of science.” In treating conceptual processes, 
the author makes a practical distinction among several terms now used in 
rather various ways (p. 78). ‘Concept learning’ is equated to the mental 
processes employed in experiments on discrimination learning; ‘concept at- 
tainment’ and ‘concept identification’ are synonymous and describe the results 
of experiments in which the subject is required to identify a concept pre- 
determined by the experimenter. The term ‘concept formation’ he reserves 
for the kind of work more appropriately done with children’s thinking, espe- 
cially by Piaget and his colleagues. The author recognizes the complexity. of 
these issues, their resistance to analysis into simple variables capable of ma- 
nipulation in the laboratory, the interactive aspects of many components of 
the concept or construct, and the extreme difficulty of setting up designs 
that will appropriately allow for these complex interactions. He is optimistic 
about ultimate solution of these problems but believes that this may take 
p time and great patience. He emphasizes that the topic under considera- 
ke: 18 really more than a study of behavior; it is a study of one of the most 
"i and distinctive properties of man's behavior—intelligent be- 
A third contribution of considerable value is an extremely lucid, though 
admittedly brief, introduction to the simulation of intellectual behaviors by 
computers. This is no more than an introduction, but it is extremely well writ- 
ten and comprehensive, The author refers to a large number of substantive 
and research papers, and outlines clearly the area in which we may expect 
substantial contributions in the next decade. 
$ A eus. p contribution is found in two chapters relating to the 
evelopment of normal intelligence and to the influence of heredity and some 
related problems. His presentation of the classic argument, its development 
phi Me yi ears, and its present state is succinct. An extremely important 
contribution is his recognition of the social and political significance of this 
problem. With astonishing impartiality he clarifies the extent to which in- 
vestigators’ political and value commitments have influenced their studies. 
On the heritability of intelligence he reaches several conclusions and evaluates 
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accurately the rather shaky character of some of the evidence. First is that 
differential language experience in the early years certainly cannot account 
for all the variability that is found. Another is that a completely culture-free 
intelligence test is impossible, A third is that the deleterious effects of un- 
favorable environments may be greater than the beneficial effects of good 
ones, especially on children with above-average levels of ability. Such a con- 
clusion seems reasonable but is supported only by indirect evidence. 

The discussion of the role of personality in achievement is extremely use- 
ful. Prediction equations are used in virtually every major university and 
college in the United States and widely used in England. The author makes 
very clear that as prediction succeeds and improves selection, the predietjve 
indexes must necessarily fall. Within groups highly selected according to 
abilities, the contribution of personality factors to performance and achieve- 
ment becomes proportionately greater. He urges more attention to these and 
includes the important work presently being done on these variables. 

A final contribution of particular value to American readers is the discus- _ 
sion of the ‘streaming’ approach in British education at age 11. The author 
sees this practice as a distinct step forward over the selection to higher edu- 
cation that had existed prior to the mid-1940s, but he also sees that this 
solution is far from ideal. It has not broken through the class structure, per- 
mitting free access of capable individuals from lower social classes to higher 
education, as had been hoped. His discussion recognizes that with all the 
criticisms leveled at the concept of general education in the United States, 
there is much to be said for that type of solution in & truly democratic 
society. His discussions of the significance of prediction and selection by tests 
have considerable relevance to us in the United States at this time. They 
are wise and judicious, and yet clearly reflect a commitment to the ideal of 
generous educational opportunity for all capable individuals. l 

Dare B. Hanurs, Pennsylvania State University 


SOCIAL PSYCHOLOGY AND HUMAN VALUES. By M. BREWSTER Suru. 
Chicago: Aldine, 1969. Pp. x, 438. $12.50. 

Brewster Smith has collected in this volume 28 of his own essays. of fers 
98, 4 have not been previously published, 9 have appeared in different 


and 15 have been spread over 11 different journals. The impression that the 
flect a heterogeneity befitting their origins is 


in Ghana, family planning, and Samuel Stouffer, to say the least, are unlikely 
bedfellows. Surely in this age of methodological complexity and € 
increasing specialization, no one could seriously publish a book whose m x 
matter crossed the boundaries between psychology, anthropology, and po: ird 
Science, and at the same time present a bold new approach to mental he 
care, transmitting new articulations of the standards governing o ea 
and scientifie responsibility. But Smith does. When, in addition, : ide ran 
author presents original data on authoritarianism, the morality of zu 
activists, and racial prejudice in schools, together with an porn don 
concept of competence that makes White's conceptualization loo! eise 
sighted, then one must pause. Perhaps the author might, in a no 
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way, be qualified to write encyclopedic comments on the self and cognitive 
consistency as well as on attitude change. Brewster Smith does all this and 
more. And he does it well. 

Persevering readers will be intrigued by the sharpening conceptual focus 
on personal values, political rationality, positive mental health, competence, 
the reflexive self, and freedom as legitimate (and rather closely related) 
objects of empirical, psychological inquiry. From such a perspective one 
might begin to share the view, expressed in Smith's title essay, that other 
social psychologists these days are somewhat preoccupied with mere experi- 
mental ingenuity. 

Henry Aunxrn, Cornell University 


THE STUDY OF POLICY FORMATION. Edited by Raymonp A. BAVER 
2 Kenner J. Gercen. New York: The Free Press, 1968. Pp. xxii, 392. 


If you read these nine chapters in reverse order of their presentation, 
you are likely to conclude that this is a more important book than if you read 
it in the conventional front-to-back direction. This is so because the final 
section contains three of the best written, most insightful case studies on the 
complexities of policy making that are available. They demonstrate with 
clarity what the earlier chapters seem to obscure, namely, the precise 
definition of the domain of inquiry that is encompassed by the phrase “the 
study of policy formation.” 

The purpose of the book is to provide a “series of position papers that 
would furnish background for the design of empirical research on the process 
of policy formation.” The six chapters that are not case studies consist of 
an attempted ‘unification’ chapter (Bauer), two extremely thorough and read- 
able reviews of normative economic theory and descriptive decision theory 
(the former by Zeckhauser and Shaefer, the latter by Bower), a discouraging 
and largely. redundant ‘state of the art’ chapter (Schoettle), and two chapters 
that represent a thoughtful effort to turn the sprawl of policy making into 
researchable components (Gergen). 

There is much here of interest to psychologists, although one must wade 
through considerable repetition and ponderous prose to find it. There is à 
glaring discrepancy between the abundance of concepts to explain individual 
choice behavior and the scarcity of those to handle collective choice. The 
seriousness of this latter deficit is made all the more apparent by the fre- 
quency with which occasions of collective choice occur in the case studies. 
Those who study groups and intergroup relations clearly have more to offer 
the topic of policy making than they may realize. The variable, and reality, 
of self-interest is discussed with refreshing candor. This helps to counterbalance 
the sometimes hyperaltruistic assumptions about group action that psychol- 
ogists are prone to make. The concept of “leverage points,” a conceptual and 
empirical wedge into policy making proposed by Gergen and Bauer, has the 
dual attractions of being consistent with what is known about interpersonal 
influence processes and of being workable. 

More must be said about the case studies, since they alone warrant pur- 

chase of the book. They concern the topics of urban mass transportation, tech- 
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nology transfer (adapting defense R and D to civilian uses), and foreign aid. 
Listing the topics under these mundane labels is actually misleading, since 
the amount of life and light the authors inject into these somber topies is 
awesome. Each study has its own distinctive assets. The urban-transportation 
study (Schneider) benefits because the author works within a model that fits 
rather than obscures what happens. An advantage of Furash's technology- 
transfer chapter is that it provides the scientist who knows little about policy 
making a set of variables and issues with which he is already familiar. This 
chapter also has an unusual amount of contemporary relevance, given the 
successes in space exploration against a background of questions concerning 
earthly payoffs, and given the mounting concern about the ‘relevance’ for 
society of what academics do in the Ivory Tower. Geiger and Hansen's dis- 
cussion of decision making in foreign policy is perhaps the most stunning of 
the three studies, simply because of the way the authors are able to keep 
under control and interweave the ineredibly diverse and complicated interests 
that converge on this form of policy making. I can think of no more sobering 
or challenging way to confront students with the realities of doing social 
science than to immerse them in this case and then ask, *OK, now how do 
you study that? And that is one reason why I think this very long book is 
in fact too short. What it needs is an appendix written by the authors of the 
case studies telling us how they did it. To uncover and organize as much as 
these authors did, they must have used resources, intuitions, ‘techniques,’ 
that eluded the writers of the other six chapers. They must have done what, 
one would conclude after reading the earlier material, cannot, or has not, 
been done. 

The case studies contain embarrassments, not only for theorists and 
methodologists at large, but even for the contributors to this book. For 
example, Gergen, developing the concept of ‘issue relevance,’ states that “an 
issue will be relevant to an individual to the extent that for him it can 
potentially modify the status quo. For example, changes in urban mass trans- 
portation would be of less relevance to the farmer than to the urban depart- 
ment-store owner or commuter” (p. 183). And yet, when we turn to Schneider's 
discussion of the hearings that were held prior to the enactment of the Urban 
Mass Transportation Act of 1964, we discover (p. 264) that the American 
Farm Bureau Federation gave strong testimony against the enactment of the 
legislation with the argument that “urban mass-transportation aid would add 
to the unhealthy trend for federal expenditures to increase relative to Gross 
National Product.” Even more telling, the Farm Bureau’s position was identi- 
cal with that of the United States Chamber of Commerce, among whose 
members would surely be found Gergen's “urban department-store owner. 
The case studies also offer substantial support for a formulation that is given 
little attention in the volume: Braybrooke and Lindblom's “strategy of 
disjointed incrementalism.” The formulation is summarized on one page, 
and the restatement loses many of the crucial nuances that were present 1n 
the original. One would expect that Bauer would pick up themes such as this in 
his overview chapter, since it was written after he had all the papers in hand. 
In fact, he does not, and this is one of the disappointments. It is clear from 
the way Bauer handles his chapter that he has more to say about policy 
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making than he says. The regret is that there is more in those papers than 
meets his eye. 

And therein lies the value of this book. It furnishes the resources from 
which one may be able to construct & more robust picture of policy-making 
processes than any one contributor was able to do. And since some of the 
contributions tempt one to do this, then it must be concluded that as a set 
of ‘position papers’ this collection is largely successful. 

Kant Weick, University of Minnesota 
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BINOCULAR VISION: 
A PHYSICAL AND A NEURAL THEORY 


Speruine, Bell Telephone Laboratories, Murray Hill, New Jersey 
‘ 1 and New York University 


bstract. The classical model of energy levels consists of a bumpy sur- 
e upon which a, marble rolls freely. Dips in the surface represent stable 
es in which the marble can become entrapped. This physical theory is 
led to three major processes of binocular vision: accommodation (a), 
ontal vergence (v), and fusion (u). A simple model illustrates how the 
he external stimulus may produce different vergence states, depending on 
„Preceding stimuli, and it shows how extreme values of vergence can be 
ved. The model applies directly to vertical vergence and to torsional eye 
ons. A similar model fits the accommodation and fusion systems and can 
be extended to account for the v-a-u interactions. 

"The neural struetures underlying the systems differ. The neural theory 
of fusion proposes two neural binocular fields (NBFs): a primary NBF for 
details and for fine depth discrimination in the stimulus (its outflow 
corresponds to the cyclopean binocular view) ; and a secondary NBF for coarse 
details and large depth signs (its outflow directs fine analysis to relevant 
‘Portions of the visual field, it contributes nothing except coarse depth signs 
directly to the cyclopean view). The fusion model illustrates how the same 
Tetinal stimulus may produce different stable perceptual states, depending on 
recent stimuli, and it accounts for fusion and rivalry within the same system 
‘and the same neurons. Appendix A offers a general definition of image blur, 
and Appendix B a quantitative analysis of the multistable phenomena in 
Tivalry and fusion. 


= Because the two eyes provide two different views of the world, a 
Person with normal binocular vision can determine the relative 
depth of unfamiliar objects in his field of view when he and the ob- 
jects are motionless. This ability is called stereoscopic depth per- 
eption—or, often, just binocular depth perception, to emphasize its 
-. dependence on both eyes. The evolutionary value of binocular depth 
q Perception is obvious, and some interesting and complicated adapta- 


" Received for publication May 5, 1970. The author expresses his appreciation 
to Dr. Mohon Sondhi for his help with Appendixes- 
Krauskopt for his stimulating criticisms, and to Be TF. c une d 
and the late Dr. Lloyd Marlowe for their helpful co; 
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tions have evolved in our visual systems to facilitate it. This 
article explores the intrieate interrelationships between the three 
most important mechanisms for binocular vision: the mechanisms 
for vergence, for accommodation, and for fusion. 

The most important subjective phenomenon of binocular vision 
is binocular fusion. When corresponding points of the retinas of the 
two eyes are stimulated with light from the same (or nearly the 
same) object, only one object is seen. We say the two retinal images 
are fused. Ordinarily, the experience of one object is so compelling 
that fusion requires no further definition. 

Binocular fusion is possible only when stimuli fall on correspond- 
ing—or nearly corresponding—points of the retinas. To clarify 
what we mean by corresponding points, we suppose the eyes are 
looking at a point at infinity. (For practical purposes, this means a 
point on an object several hundred yards or more away.) Then, the 
lines of sight of the left and of the right eye are parallel, and iden- 
tical images fall on each retina. For the moment, we define cor- 
responding points as the corresponding retinal points under these 
retinal images? To view a near object the eyes must rotate inward 
(converge) in order for the object to stimulate these corresponding 
points. The vergence movements of the eyes are the second remark- 
able adaptation of binocular vision. When the eyes are verged on a 
partieular object, only objects in a limited range of depth planes 
can be fused ; objects outside this range are unfused. 


us For the purist, binocular fusion can be defined objectively in terms of 
pn (or pattern) invariance. The principle is that small lateral translations 
Pad caen directions) of the stimuli to the two eyes leave the shape of a 
atia a agian Additionally, it also must be shown that both eyes 
Bp, i ii d to the perceived pattern. These are sufficient (but not 
Uz "i i i. Eveil, a pattern of illumination to the left retina 
F; zn be w^ e right retina [l (z, y)] are binocularly fused if there exists 
His Az| > 2 min, such that when the new pattern ((z + Az, v) and 

orts rptu replaces the original pattern on the retinas, the observer re- 
À e shape of the new pattern is the same as that of the old. Its depth 
t ibute i may or may not have changed. To ensure that both / and l con- 
(e. " b e the shape of the pattern, there must be points on the left stimulus 
UG M of light (zi, yı), 8(z», ys) ...] and on the right stimulus 
Bv, n TN p -*«] such that the two sets of points [3(z« yo and 
hin » ¥s’)] are all different and the observer reports seeing points from boti 
sets in any neighborhood where fusion is being tested. The motivation for 
this definition derives from the neural model of fusion ` 
è * This actually is a definition of ‘corresponding coordinates.’ Subsequently, 
corresponding points’ are defined as those whose projections intersect in the 
middle layer of the neural binocular field. In the neighborhood of fixation, cor- 


$ fesponding coordinates and corresponding points coincide exactly. 
' ‘ 
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The third major phenomenon of binocular vision is accommoda- 
tion, whereby the lens of the eye varies its focusing power so that 
the depth plane of the object being viewed is in focus on the retina. 
Though accommodation is also characteristic of monocular vision, 
it is important in binocular vision because it is closely linked to 
vergence. That is, accommodating for a near object causes con- 
vergence, and convergence causes accommodation. 

A priori, neither fusion nor vergence nor accommodation would 
be necessary for binocular depth perception. However, once a mech- 
anism of fusion has developed, the evolution of accurate vergence 
and accommodation would enable the fusion mechanism to evolve 
further so as to substantially increase its power of depth discrim- 
ination. In fact, once all three mechanisms exist, there are such 
great advantages to binocular vision to be gained from their 
mutual interactions that these interactions are virtually prede- 
termined. This paper presents two kinds of models, physical and 
neural, to account for the fundamental phenomena of vergence, ac- 
commodation, and fusion, and for the interactions between the three 
mechanisms. 


Multiple stable states and path dependence. Our starting point 
is an easily observed phenomenon: the existence of multiple stable 
states. For example, Helmholtz, writing in the last century, ob- 
served that “the eyes also may be made to diverge by viewing stereo- 
scopic pictures and gradually separating them farther and farther 
apart, all the time trying to fuse them into a single image. Iam 
able in this way to produce a divergence of the lines of fixation of 
my eyes amounting to as much as eight degrees.” 

To restate Helmholtz’s procedure in more formal terms, he pre- 
sented a picture (L) to the left eye and an identical copy (L’) to 
the right eye by means of an optical device, such as a Wheatstone 
Stereoscope. By moving L slowly to the left and Z to the right, he 
was able to cause his eyes to follow the movement of L and L/, and 
thereby to diverge. But if L and I/ had first been presented at the 
extreme separation of 8 deg., his eyes could not have diverged upon 
them; his eyes would have remained approximately in their initial 
Position. This demonstrates multiple stable states of vergence. 
When L and L/ are 'separated' by 8 deg.—that is, when the ver- 


2H. von Helmholtz, Treatise on Physiological Optics, 3d ed, J. P. C. 
Southall (trans.), 3, 1924 (reprinted 1962), 58. t 
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gence angle required for fusion is 8 deg.—then the eyes may some- 
times verge correctly and at other times be in their neutral position. 
There are two stable states of vergence for the same external stim- 
ulus. The particular vergence state attained by the eyes depends 
not only on the present stimulus but also on the sequence of previous 
stimuli. 

As we shall see, Helmholtz’s demonstration involves more com- 

plications than are apparent at first. First, the amount of diver- 
gence that can be attained depends on the choice of stimulus pictures 
(L and L^; for example, a greater amount of divergence is possible 
when pictures contain many high-contrast details. Second, with 
practice, some voluntary divergence is possible. Whether or not 
voluntary divergence suffices to produce fusion depends on the 
amount of divergence that is required and on the particular pic- 
tures (L and L’) being viewed. Third, fusion of L and L’ can occur 
even when the eyes are not fully verged on L and L’. The first two 
complications, and of course the basic observation, are shown be- 
low to be immediate consequences of the physical model of vergence. 
The third complication follows from the joint action of the models 
of vergence and fusion. 
i It often is convenient to represent stimuli or responses as points 
in an n-dimensional space. In the example above, the vergence 
response can be represented in one-dimensional space as a point 
along a line, where the distance of the point from the origin repre- 
sents the vergence angle of the eyes. The sequence of responses (to 
a sequence of stimuli) can be thought of as a path from point to 
point in this space. The conventional way of saying that a response 
depends not only on the present stimulus but also on the sequence 
of past stimuli is to say that the response is path dependent. That 
is, how the eyes respond to a particular stimulus (whether they 
verge or not) depends on their current vergence state as well as on 
the current stimulus. Because the current vergence state depends on 
previous stimuli, the response depends on both current and past 
stimuli. 

In all the examples in this paper, path dependence and multiple 
stable states refer to the same phenomenon. The only way to 
achieve multiple stable states (different responses to same stimu- 
lus) is by taking different stimulus and response paths prior to 
presentation of the same final stimulus; the only way to demon- 
strate path dependence is to achieve different stable states to the 
same ar stimulus (by virtue of having taken different paths). 
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Thus, multiple stable states and path dependence are logically 
equivalent. 

Multiple stable states also oceur in the fusion process. For ex- 
ample, suppose that vergence of the eyes is artificially maintained 
on a particular depth plane by optically canceling vergence mo- 
tions.* Fusion is possible not only of objects in that particular depth 
plane but also of objects in other depth planes. The fusion or non- 
fusion of a particular object in a particular plane exhibits the same 
kind of multiple stable states as the vergence motions of the eye. 
That is, whether the object is seen as fused or double depends on 
whether it was seen as fused in its previous position, and so on. 
Finally, by methods to be described later, we may also observe 
multiple stable states of accommodation (focusing of the eye). 

The multiple stable states of vergence, fusion, and accommoda- 
tion follow from the same elementary principles, are representable 
by the same kind of physical model, and exhibit analogous cor- 
related phenomena. Although the physical models of vergence, fu- 
sion, and accommodation are formally the same, the underlying 
mechanisms are different. The last main section of this article 
contains a speculative suggestion toward a neural model of these 
mechanisms. 


THE PHYSICAL MODEL—WITHOUT INTERACTIONS 


The classical model of energy levels consists of a bumpy surface, 
the energy surface, upon which a marble rolls freely. Dips in the 
surface are called energy wells; they represent stable states in 
which the marble can be trapped. Here, this classical model is ap- 
plied to the three major processes of binocular vision: vergence 
(v), accommodation (a), and fusion (u). In these applications, the 
lateral position of the marble represents the instantaneous value 
of the depth plane of v or a or u. For example, the basic surface 
governing horizontal vergence is bowl-shaped, the shape being 
determined by internal factors. The marble rolls toward the center 
of the bowl, representing the tendency of the eyes to verge to a 
neutral position in the absence of a stimulus to vergence. The ex- 
ternal stimulus is assumed to add perturbations to the basic surface, 
thereby creating new stable states. 


* D. Fender and B. Julesz, Extension of Panum's fusional area in binocularly 
ilized vision, J. opt. Soc. Amer., 57, 1967, 819-830. 


é 
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The physical model of binocular vision is thus based on a cone 
cept that, because of the physical analogy, is called energy (e). For 
example, in the case of vergence, the visual system is assumed to 
compute the net vergence energy of various possible states of vere 
gence and—within certain limits—to achieve the state which has the 
lowest net vergence energy (€p). 

Let v denote the vergence angle between the eyes, a their ac- 
commodation, and wu the plane of fusion. Let | and V denote the 
stimuli on the left and right retinas respectively. There are as- 
sumed to be two component sources of energy, which add to pro- 
duce net energy: displacement energy (g) and image-disparity 
energy (h). Displacement energy depends only on the current 
states of v, a, and u. It represents the amount of energy needed to 
displace v, a, and u from their natural resting values to their cur- 
rent values. Image-disparity energy depends only on l and V. It 
represents the energy that a visual stimulus can contribute to dis- 
placing v, a, and u. 

Å The physical model is a particular embodiment of a set of equa- 
tions that expresses the general principles outlined above. The 
equations deal with the quantities e, g, and h, which represent 
respectively the total, the internal, and the external components of 
energy. Here the subscripts v, a, and u indicate the system whose 
energy is under consideration; and the variables v, a, and u repre- 
sent the current values of vergence, accommodation, and fusion. 
Commensurate units for v, a, and u themselves are defined in the 
following sections. The equations contain all the interactions of the 
model and are presented here to provide an overview. They are not 
necessary for understanding the principles of the model, however, 


e readers who are not interested in mathematics should simply 
skip to the next section, on the model of vergence. 


e.(v, hom 3 = g.(v = a) T h,(1, v) (1) 

eala, +++ ,) = gala — v) + h(l, l) (2) 

Aha )=gu—v,2)+h(,0,2), CR BI 
Equation 1 Tepresents vergence; Equation 2 represents accommoda- 
tion; and Equation 3 represents a set of equations for fusion, one 
for each region (z) of the retina (R). Each equation may be 


thought of as describing an energy surface upon which rolls a mar- 


ble, whose projection on the v, a, and u axes respectively represents 
the value of v, a, and u. 
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Equations 1-3 do not give information about the dynamies of 
v, a, u, because time does not enter into them. Dynamic specification 
of v, a, and u requires another set of equations. Let z;, T2, 1, repre- 
sent v, a, and u respectively. The dynamics of x, are defined by the 
first-order differential equations: 


dx; 


—de i 
ki Ge tho = z) 


Oz; 
The right-hand term of each Equation in 4 represents force acting on 
the marble; the coefficients ky and ks, respectively reflect the 
marble’s mass and the friction of the medium. 

Although only the spatial derivative of energy (force) enters 
into Equations 4, the ensuing description of the systems is in terms 
of energy because it gives better intuitive insight. We may now 
begin to deal with the explicit definition of the quantities in Equa- 
tions 1-3, the interpretation of the resulting equations, and their 
comparison with data. 


G = 1, 2, 3). [4] 


Model of Vergence 


Units of vergence. The horizontal vergence of the eyes is best ex- 
pressed as the angle between their lines of sight. The angular unit 
of vergence is particularly convenient because it fits in with the 
spherical coordinate system used to describe the position of stim- 
ulus points in space and with the dioptric system used to measure 
accommodation. However, binocular vision is concerned mainly 
with depth, so it is useful to keep in mind that there is a one-to-one 
correspondence between the angle of vergence and the distance 
from the eyes to the verged-upon point. (We confine ourselves here 
to points directly in front of the observer, so-called symmetrical 
vergence.) The angular measure of vergence can thus be considered 
to be a transformed measure of depth, and in the discussion that 
follows, the term vergence position is used to evoke the idea of the 
distance at which the eyes are verged. The sign convention followed 
is that convergence angles (lines of sight intersect in frout of the 
Observer) are positive and correspond to positive distances; di- 
Vergence angles (lines of sight intersect behind the observer) are 
negative and correspond to negative distances (ie., behind the 
Observer). In the case of divergence, of course, ‘distance’ does not 

ave the usual physical interpretation, and we have no need of the 
distance transformation. 
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In this section on vergence, we assume that accommodation of 
the eye's lens is fixed, at a value corresponding to accurate focus of 
objects at the given viewing distance (e.g., 1 m.). To a first approx- 
imation, accommodation does remain fixed if stimuli are confined 
to a particular viewing distance (e.g., 1 m.). To maintain accom- 
modation more accurately at a given nominal value would require 
a negative-feedback optical device.5 


Vergence-displacement energy (g,). For any given amount of 
accommodation of the eye lens, there is a natural vergence angle 
(vo) of the eyes. That is, the natural vergence angle is the angle 
formed by the lines of sight of the eyes in the absence of any stim- 
ulus to vergence. (For example, a stimulus seen only in one eye is a 
stimulus to accommodation but not directly to vergence.) 

When the vergence angle of the eyes is any value (v), vergence 
displacement (Av) is defined as the angular deviation of the eyes 
from the natural vergence angle: Av = v — vp. Vergence-displace- 
ment energy is defined as a function of Av: as g,(Av), where 
g.(0) = 0; that is, vergence-displacement energy is zero when the 
eyes are in the natural vergence angle. Any deviation (Av) of the 
eyes from the natural vergence angle is assumed to have a larger 
vergence-displacement energy, according to a U-shaped function 
such as that illustrated in Figure 1. 


9, 
E phe 
ov 


o 


Fra. 1. Vergence-displacement energy, g« (Av), as a function of vergence dis- 


placement, Av. The marble re i i j ilibri i- 
. presenting vergence is at its equilibrium pos! 
tion, Av = 0. Positive val -Boga ri 


equilibri sie ues of Av indicate convergence (relative to the 
7 il dus position) ; negative values indicate divergence, In this example, 
(Av) = log, (1 +2) -z= 307 where z = [rt^ (AY)217. This surface 


is the gravimetric analog of Hook’ : i ing force (f) 
on the marble due to gravity is f — E Mee noris n 


The physical analogy here is a simplified version of the complete 
analogy, which is described below after all interactions have been 
considered. The curve g,(Av) of Figure 1 represents a physical 


5 Whenever accommodation strays from its nominal value, a negative-feed- 


back optical device so alters the viewing d; ; j 

A viewing distance of the objects that the eyes 
normal attempt to maintain accurate a t commo- 
dation to the nominal value, ccommodation then restores ac 
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surface, a ‘bowl.’ A small marble rolls on this surface, and the 
projection of the marble’s position on the horizontal axis represents 
the vergence angle of the eyes. The rule is that the marble tends 
to roll downhill, due to gravity. The force on the marble is pro- 
portional to the slope of the bowl (—de/dv, Equations 1 and 4) ;* 
its motion depends on its mass and the friction it encounters (ku 
and ks; respectively in Equation 4). 

The g, surface of Figure 1 represents the internal factors con- 
trolling vergence in the absence of an external stimulus to vergence. 
On this surface the marble rolls to a stable equilibrium position, to 
Av = 0, the center of the gẹ (Av) curve. In order for the model to 
correspond to the eyes, the coefficient of mass of the marble is 
chosen sufficiently smaller than the coefficient of friction so that 
the marble rolls to the bottom without overshooting. In a real bowl, 
for example, this situation is achieved by filling the bowl with 
fluid. To move the marble from Av = 0 requires ‘work,’ or ‘energy.’ 
The source of energy is image-disparity energy, described below. 


Vergence image-disparity energy (hy). Vergence image-disparity 
energy (h,) represents the extent to which two retinal images 
agree. It is defined as follows. Let spherical coordinate systems 
for each retina be defined so that x = y = 0 is the fixation point 
(center of the visual field, line of sight) and so that corresponding 
points of the two retinas are assigned equal values of z and y. 
Let the illuminance distributions (images) on the left and right 
retinas respectively be l(z, y) and l'(z, y). The image-disparity 
energy Ah, in a small neighborhood (AvAy) of a point (x, y) is 
defined as 


Ah,(x, y) = liz, y) — V, yl AzAv. [5] 
That is, Ah is proportional to the absolute value of the amount by 
which J and I’ differ. 

The image-disparity energy (he) is given by summing Ah, (2, y) 
Over the whole retina (R). In summing image disparity over the 
Tetina, central areas of the retina are given greater weight than 
Peripheral areas. This selective weighting of the central area is ac- 


*Let e = ðelz)/ðz. In the system of Equations 1-4, the horizontal force 
(P) acting to pret the vergence position (v) is defined by f = —ke’. In 
the gravimetric analog, f, = —k sin €' cos e' = — ke'/(1 + e'?), which is an 
irrelevant complication. The gravimetric analog becomes equivalent to Equa- 
tions 1-4 as e —> 0, Thus, by scaling units appropriately, the gravimetric 
analog satisfies the equations. 
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complished by multiplying AA,(r, y) by a weighting function 
[w(z, y); 0 € w(z, y) € 1] before summing. Equation 6 then 
gives vergence image-disparity energy: 

h, = 2 wr, y)Ah(z, y) 


R 


& ff We, — Vi, Dd we, v) de av. Q 


Equation 6 represents a point-by-point comparison of the left and 
right eye's retinal images (l and V). When 1 is identical with V, 
hy is zero. When 1 is not identical with V, hy is greater than zero. 

In practice, Equation 6 is somewhat inaccurate because it gives 
too much weight to large areas where J and I’ differ slightly, and too 
little weight to small areas where l and I’ differ sharply (boundary 
conflicts). This discrepancy arises because in the nervous system, 
each visual image is transformed before the two images are com- 
pared in the brain. The difficulty is overcome by not using l(z, y) 
directly in Equation 6 but T :l(z, y) where T represents the various 
retinal (and subsequent) neural transformations on l, such as 
adaptation and boundary enhancement. Another problem with Equa- 
tion 6 is that the attention-weighting function [w(z, y)] is not 
specified. The elucidation of neural transformations and of atten- 
tion are interesting problems in visual psychology, but we can 
bypass them. The elementary definition of h, by Equation 6 suffices 
for the present, providing that w(x, y) is taken as any reasonable 
function that decreases as x and y increase. 


Calculation of l. Given any external luminance distribution 
(L), we wish to calculate the retinal illuminance distribution (l). 
In general, L and L’ (to left and right eyes respectively) could 
occur at any arbitrary distance from the observer and at any di- 
rection relative to his head; his eyes could be pointed in some 
other direction and be verged at another distance, Our interest here 
18 in the effect of vergence upon retinal images, and we can avoid 
the hideous complications of this general formulation by restricting 
ourselves to symmetrical Vergence; that is, to the case of an ob- 
server looking at stimuli directly in front of him. For this purpose it 
18 convenient to define coordinates of the external stimuli (L and 
L/) as those of the retinal stimuli they would produce if the ob- 
server ’s eyes were pointed straight ahead with a vergence angle of 
v = 0 (i.e., were verged at infinity.) Spherical coordinates are used, 
although so long as we restrict consideration to objects directly in 
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front of the observer and to a small neighborhood of fixation, there 
is no important difference between Cartesian and spherical co- 
ordinates. The external horizontal coordinate (x) is given in an- 
gular units; x = 0 represents the projection at infinity of the mid- 
saggital plane (the plane through the nose and perpendieular to the 
line connecting the centers of the two eyes). Positive values (angles) 
of x are to the right. The external vertical coordinate (y) is de- 
fined with positive values upward. 

When v = 0, the retinal coordinates (x, and yr) and the external 
coordinates (x and y) coincide exactly, by definition. When the 
vergence angle is v, external and retinal coordinates are related by 
€ — z, + v/2 (left retina) and z = z, — v/2 (right retina). For 
both eyes, it is assumed that y = yr. For example, when the ver- 
gence angle is 2 deg., the left eye is rotated 1 deg. to the right 
(toward the nose) and the right eye is rotated 1 deg. to the left. 
The center of the left retina then is pointed at x = v/2 = +1 deg. 

If we neglect the blur of the retinal image caused by the im- 
perfect optics of the eye, then the retinal illuminance distributions 
(Land I’) are exactly proportional to the external luminance dis- 
tributions: (2, y) = kL(z, y) and U(a, y) = kL'(z, y), where 
k expresses the conversion factor from external luminance to retinal 
illuminance. Substituting the appropriate external coordinates for 
the left and right retinal coordinates gives simple expressions to 
relate | and L in terms of the eyes’ vergence angle (v): 


U(x — v/2, y) = kL(z, y) and l'& +0/2,y) = kL'G, y). 
The expressions for | and } contain the relevant information about 
the external stimulus, so that L and L’ are not needed in subsequent 
calculations. 


Calculation of hy(Av). Let the external stimuli be L(x, y) and 
L’ (x, y). Let the eyes be in their natural vergence position (vo) for 
the state of accommodation, so that the retinal stimuli are l(z — 
Uo/2, y) and U(x + vo/2, y). The vergence image disparity (he) 
for this pair of retinal images is given by substituting l and l into 
Equation 6. Now, let the eyes alter their vergence by Av, to die 
% + Av. The vergence image disparity still is given by substituting 
l and l' in Equation 6; now it is a function of Av, namely, 


Av) = ff lite — @ + A0/2,01 
— Vie +O + A0)/2, vil we, dedu. 17] 
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Equation 7 is at the very heart of the theory so it is important 
that the reader understand it completely. To help intuitive under- 
standing of Equation 7, the concept of a cyclopean image is intro- 
duced here. Our two eyes receive different retinal images (l and 
l^) of the world; yet, we are unaware of having two separate images 
and perceive things as single, like the one-eyed Cyclops. For the 
moment we define the cyclopean image (*/) simply as the sum of 
the two separate images: 


*lz, y) = Ua, y) + l'G, y). 


(Later, in the section on the neural model and its predictions for 
binocular rivalry, we shall see that the subjective cyclopean view 
is RD more complicated combination of | and V than their 
sum. 

When the external stimuli (L and L/) remain fixed, then the 
retinal images (l and V, and hence *l) depend on the vergence 
angle of the eyes. Figure 2c illustrates a pair of external stimuli 
(L and I’); the cyclopean images that would result for two differ- 
ent vergence positions are shown in Figure 2ab. 

The critical term of Equation 7 is || — v|, which is like a 
cyclopean image except that 1 and V are subtracted instead of 
being summed. Since image-disparity energy (hy) depends on the 
difference between | and I’, it is more nearly zero the more nearly 
identical l and l are. For the vergence position vo of the eyes 
illustrated in Figure 2a, h,(vo) is at a relative minimum because 
the two rectangles are optimally superposed. The image-disparity 
energy hy (vo) is not zero, however, because neither the rectangles 
nor the disks superpose exactly, and thus they fail to cancel com- 
pletely. When the vergence angle of the eyes is vı, the two disks 
are superposed but the rectangles fail to superpose. Image-disparity 
energy calculated at Av; again is at a relative minimum, but 
ho(Av:) > h.(0) because of the large contribution of the now 
unsuperposed rectangles, 

Figure 2 also illustrates that changing vergence of the eyes is 
equivalent to keeping the eyes stationary but shifting the positions 
of the physical stimuli (L and L/). The image-disparity energy 
function A,(Av) is an index of the similarity of L and L/ as 4 
function of their relative position. However Equation 7 is written 
in terms of the retinal stimuli (1 and V) in order to emphasize that 

the eyes need not actually verge to compute h,(Av). A single pair 
of retinal images (l and V), obtained in a single glimpse, contains 
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(a) 


(b) 


(c) 


(d) 


Fia. 2, Calculation of image-disparity energy, he(Av). (d) The eyes are in 
the natural vergence position, vo, induced by accommodation on the retinal 
stimuli, L(x, y) and L'(z, y), illustrated in (c); the vertical position of L 
and L' is arbitrary. (a) Cyclopean image illustrating 1 — vo/2,y) + Wa + 
v/2,y), from which he(0) is calculated. (b) Cyclopean image illustrating 
liz — (ve + Avi)/2yl + liz + (w + Avs)/2y], from which he(Ar) is 
calculated. (e) The he(Av) for the image pair (c), as given by Equation 7. 
The abscissa, Av, is in angular units of vergence. Clockwise rotations of the 
left eye and counterclockwise rotations of the right eye are indicated by posi- 
tive values of Av, which represent convergence. 


all the information needed to compute the entire function hy(Av). 
In other words, a single glimpse suffices to ‘tell’ the visual system 
the cyclopean image it should expect to see in any vergence posi- 
tion, and from this information it can compute h, (Av). Just how 
much of this potentially available information actually is used by 
the visual system is considered below. Here, for convenience, the 
model is stated as though the entire function hy(Av) were known; 
in fact, knowledge of just two values of h,(Av) at any one time 
Would be a sufficient. assumption. 
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Figure 2e illustrates h,(Av) as a function of Av. Two interest- 
ing properties of hy(Av) are evident: first, that A, (Av) consists of 
the sum of functions, each of which represents registration of some 
part of the images and, therefore, each of which is symmetrical 
about its minimum (if the effect of w is negligible) ; and, second, 
that at any relative minimum of h,(A.), its derivative dh, (Av)/ 
d(Av) is discontinuous. The discontinuity of the derivative results 
from the absolute-value operation in Equation 3. As a practical 
matter, such discontinuities do not exist in real life because image 
blur and ‘noise’ (uncertainty) have the effect of rounding the 
minimum." 


Examples of the model for vergence. A simpler illustration of 
binocular stimuli (L and L’) and their corresponding h,(Av) func- 
tion is given in Figure 3. In this example, the retinal images (l and 
l') would become identical if the eyes diverged slightly. Thus in 


Alyy) X xy! 
“ © e 
+ + 


Fia. 5 A visual display with a single stable vergence state. (a) The left eye 
sees L(z, y), the right eye L'(z, y) ; the crosses in L and Z indicate the point 
z = y = 0; the disks are symmetrically displaced from z = y = 0 (nasally 
on the retinas, temporally in the external world). (b) Vergence image-disparity 
energy, he(Av), as a function of vergence displacement, Av, for the display 
illustrated in (a). (c) Vergence energy, e (Av), as a function of Av. The point 
Avs indicates the projection on the horizontal axis of the minimum of the 


energy well in ey. The marble representin. is i well, its 
only stable positi p E vergence is in the energy , 


* The discontinuity of its derivative at i func- 
i R zero gives the absolute-value funi 
tion some rather strange properties that probably do not accurately reflect 
aaturo ood oe discontinuous derivatives). Taking into account the 
e neural transformation on 1 i ted im- 
proves matters (see Appendix A). No Ae) compe 
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Figure 3b, h,(Avs) = 0. Figure 3e illustrates vergence energy 
"e (Av) defined as the sum of g,(Av) and h,(Av). 

The binocular stimuli (L and L/) of Figure 3a yield an e,(Av) 
function that has only one relative minimum. For this function, 
there is one and only one stable position of the marble, namely, 
at the bottom of the e,(Av) function. This means that no matter 
what the initial vergence position of the eyes may be, they ulti- 
mately stop at the vergence position Avs. 

Consider now what happens when L and L’ of Figure 3a are sep- 
arated horizontally; that is, when the left eye's stimulus is moved 
to the left and the right eye's stimulus to the right. Vergence be- 
comes increasingly difficult. Figure 4 illustrates that a marble 
initially at rest (at Av = 0) does not roll into the energy well 
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Fic. 4. A visual display with two stable vergence states. The marble repre- 
senting vergence is in its neutral position, Av = 0. Vergence on the disks 
cannot be established if the disks are turned on when the eyes are at Av = 0. 
Once vergence is established (e.g. by slow lateral separation of the disks from 
the displacements shown in Figure 3), vergence can be maintained at Av. 


at Av, but remains at Av = 0. However, if the left and right eyes 
are initially verged on their stimulus at a displacement of about 
Av; (Figure 3), and then the two stimuli are slowly separated, the 
marble remains in the energy well. The eyes remain verged. This 
example shows that the stimuli illustrated in Figure 4 permit two 
Stable states of vergence. e. 

When L and L/ are separated by the amount illustrated in Figure 
5, the energy well in the e, (Av) curve has flattened out to such an 
extent that it no longer can hold the marble, which then rolls to 
the position of zero vergence displacement. The binocular stimulus 
Pair of Figure 5 thus yields only one stable vergence position for 
e eyes. 
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Fic. 5. A display for which vergence cannot be established. The disks are 
displaced laterally even further than those illustrated in Figure 4a. The marble 
representing vergence is in its only stable position, Av — 0. 


Suppose that L and L’ initially are separated by the amount 
illustrated in Figure 5. Then, to establish vergence they would have 
to be brought closer together than the separation Av, (Figure 4), 
where vergence would be maintained but not established; they 
would have to be brought to a displacement of about Avs (Figure 
3). A similar effect may be observed when illumination is inter- 
Tupted. Suppose vergence somehow has been established at Avs 
(Figure 4). Then, turning the illumination off for a few tenths of à 
second removes the energy well caused by h, and allows the marble 
to move under the influence of g, toward Av = 0. It then requires 
a slow separation of the stimuli to reestablish vergence at Ava. 

Slow separation of stimuli is not the only way to establish ver- 
gence at extreme divergence values. A succession of small, quick 
displacements (with longer time intervals between them) also suc- 
ceeds. The amplitude of the quick displacement must be such that 
the marble remains inside the energy well. Then, during the interval 
between displacements, it rolls down into the new well. The process 


may be repeated until the critical divergence illustrated in Figure 5 
is reached. 


‘Vergence disparity’ When the minima of hy(Av) are rounded at 
their bottom [i.e., dh,(Av) /d(Av) is continuous at a minimum], 
then the minima of e,(Av) do not correspond exactly to the minima 
of h, but are shifted toward the center of €, toward Av = 0. The 
difference in location of minima is negligible when they lie near 
Av = 0, but it becomes significant as Av increases, because the êv 
function becomes steeper. 


In the model, the marble rests only at minima of the e, function. 
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When a minimum of e, does not coincide exactly with a minimum 
of h, (^v), it means that the eyes verge insufficiently to carry their 
retinal stimuli to exactly corresponding points. This phenomenon of 
human vision is known as vergence disparity and has been measured 
under a variety of conditions.’ The psychophysical measurements 
of vergence disparity are qualitatively in agreement with those 
predicted by the model. Further comparisons between the model and 
experiment are deferred until the full interactions between vergence 
and accommodation have been considered. 


Model of Vertical Vergence and of Torsional Rotation 


The vergence model can be applied to two other kinds of eye 
movements. Vertical vergence occurs when the stimulus to one eye 
is displaced vertically. The eye can move vertically to again center 
itself on the displaced stimulus, even while the other eye remains 
relatively stationary. Similarly, when the stimulus to one eye is ro- 
tated around the line of sight, the eye can rotate to realign itself 
with the stimulus. These movements occur only within certain 
bounds, about 6 deg. for vertical vergence and about 7 deg. for 
torsional rotation (see n. 3, pp. 58-62). 

The angle between the vertical elevation of the two eyes is ex- 
actly analogous to the horizontal vergence angle, and the same 
model applies to control of both kinds of angle. In the case of 
torsion, the torsional angle of the eye is the analog of the horizontal 
vergence angle, and the model applies independently to each eye. In 
fact, in composing demonstrations of multistability phenomena, it 
often is more convenient to use vertical vergence or torsional ro- 
tation, because these movements are less under voluntary control 


than is horizontal vergence. 


Model of Accommodation 


Just as the current state of accommodation determines the nat- 
ural vergence position, the value of vergence determines the natural 
accommodation position. To displace accommodation from its nat- 


* Among oth K. N. Ogle, Researches in Binocular Vision, 1950; 
E. F, Fincher pe T Walton, The reciprocal actions of accommodation and 
convergence, J. Physiol. (London), 137, 1957, 488-508. 
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ural position—from its value in the absence of any stimulus to 
accommodation—requires an amount of energy described by the 
accommodation-displacement energy function (ga); this energy is 
supplied by a stimulus to accommodation via an image-defocus 
function (ha); and the actual state of accommodation is predicted 
from the accommodation energy function (ea): e, = ga + ha 
The model for accommodation is thus formally identical to the 
model for vergence and differs only in the details of calculating the 


functions. These details offer some special problems, which are con- 
sidered below. 


Units of accommodation. The conventional measurement unit of 
accommodation is the diopter. When the eye is focused on an ob- 
ject 1/n meters distant from it, it is said to be accommodated to 
n diopters. The scales of diopters of accommodation and of degrees 
of vergence are related almost linearly. For objects in front of the 
observer, the deviation from linearity is of the third order and does 
not exceed about 1% at 8 diopters of accommodation, which is the 
practical limit of the adult range. Therefore with negligible error, 
We can use the same scale for accommodation as for vergence. There 
is, in fact, an advantage in using the diopter scale: it is independent 
of the interpupillary distance (p) of the observer. For an average 
value of p (6.0 em.), 1 diopter = 3.5 deg. 


Accommodation-displacement energy (ga). Theoretically, ac- 
commodation-displacement energy (ga) may be regarded as a func- 
tion of only Aa, the displacement of accommodation from the value 
(ao) determined by vergence. In practice, however, the value of ac- 
commodation is strongly influenced by the mechanical properties of 
the lens? The situation may be conceived of as one in which neural 
signals attempt to control accommodation according to a function 
[g«(Aa)] that depends only on Aa; but the transduction of these 
signals into accommodative power also depends on a. The non- 
linear (a-dependent) transduction of attempted accommodation 
into achieved accommodation is an important and unfortunate con- 
sequence of the hardening of the lens caused by aging.!? It is worth 
noting that rotation of the eyeball in vergence also is limited by 


idence for distinguishing between the musculet 
its mechanical response, see M. Alpern, W. N 


finitions of the AC/A ratios, Amer, J 541-1 
10 See Fincham and Walton (p. B above) i Dt 141-148. 
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mechanical faetors; in vergence, however, the neural control oper- 
ates so far within the mechanical limits that the mechanical factors 
can be neglected. 


Image-defocus energy (ha). Image-defocus energy (ha) repre- 
sents the blurredness of a retinal image. Although we do not know 
what particular h, is computed by the nervous system, we shall de- 
fine an ha with these three properties: it is a function that could be 
computed by neurons; it is monotonically related to blur; and it is 
mathematically tractable. Given l(r, y) and V(x, y), the illum- 
inance distributions on the retinas, an ha satisfying the three con- 
ditions is defined by 


=h = ff vn, wi wee, i) dz dy 


+ [| ve Dwe daa. (8 


In words, —h, is the square of the magnitude of the Laplacian of 
\(2,y), weighted by w(x,y), integrated over the retina, and sum- 
med for the two eyes. 

The algebraic value of ha as defined by Equation 8 increases 
when [(x,y) is blurred and decreases when l(z,y) is sharpened. 
Specifically, if l(a, y) represents any luminance distribution on the 
retina and if l,(z, y) represents this distribution after it has been 
blurred, it is shown in Appendix A that 


[[ (ve, or dz ay > ffe, — 89 


Where V^ represents any order of differentiation or integration ap- 
plied to l. d 

The reason for choosing the Laplacian—rather than P(x, y) di- 
rectly, for example—is that it represents a. good approximation to 
the spatial analysis performed by the retinal receptive fields (see 
Appendix A). The reason for using a square inside the integral of 
Equation 8 instead of the absolute value (as in the definition of 
he) is for the mathematical elegance of the theorems which follow 
therefrom. In fact, the same general properties hold for the abso- 
lute value as for the square (Appendix A). 


Calculating de,/da; How the visual system estimates h,. To com- 
pute ha as a function of Aa, the accommodation displacement, it 
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need only be noted that | is implicitly a function of a [i.e., l = 
L(z, y, a) ]. Substitution in Equation 8 gives h; (^a). This, however, 
leads to a problem. 

In the model, de,/da controls the behavior of the marble. To 
know de,/da it is necessary to know 0h,/da, and to estimate dh,/da 
requires knowledge of at least two values of ha. The problem is one 
of determining how the nervous system computes ha for more than 
one value of a when the lens can assume only one value of a at any 
one time, for any one wavelength of light at any one point. These 
restrictions suggest three possible solutions: that the visual system 
obtains two (or more) values of ha by determining a at two or more 
times, by determining a at two or more wavelengths, or by de- 
terming a at two or more points. Let us examine each of these solu- 
tions in turn. 

The temporal solution is a trial-and-error solution. When the eye 
is confronted with a new stimulus, it would alter its present value 
of accommodation (a;) to a new value (as, a trial value). The new 
value (a2) might be an improvement or not, but no matter which, 


it would provide a second value of ha, from which dh,./da may be 
estimated by 


dh./da = [h.(a;) — ha(as)]/(a2 — ai). 


In such temporal trial and error, the initial change of accommoda- 
tion in response to a new stimulus would be in error about half the 
time; ‘Subsequent changes of accommodation would be in the right 
direction. However, the first measurable accommodation response 
toa step or to a pulse displacement in the accommodative distance 
of a stimulus is generally in the right direction.11 We must infer 
that at least two values of h, are computed before accommodation 
has changed. 

The chromatic aberration of the lens, which introduces a AV of 
about 1.3 diopters (Av = 4.5 deg.) between the long and short wave- 
lengths, provides a second possible way of realizing simultaneously 
two values of a on the retina, This cannot be the only mechanism, 
because some subjects make initially correct, accommodation re- 
sponses even in monochromatic illumination.2 


11F, W. Campbell and G. Westh 
sponses of the human eye, 
accommodation reflex and 
12 Fincham (n. 11). 


eimer, Dynamics of accommodation Te- 
J. Physiol., 151, 1960, 285-295; E. F. Fincham, The 
ite stimulus, Brit. J. Ophthal., 35, 1951, 381-393. 
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The alternative to time and wavelength as means of obtaining 
different values of a is spatial variation of a. A mechanism for 
spatial variation of a is known to exist. In the neighborhood of the 
optic axis, the retina is not exactly perpendicular to the optic axis; 
thus, some parts of the retina are optically closer to the lens than 
others.!? Comparison of two regions in different focus would provide 
an estimate of de,/da to even the stationary eye. By elimination, 
then, spatial variation of a is the means by which the relevant posi- 
tion of e,(a) is computed by the visual system. This complication 
requires: redefining I(x, y, a) as l[z, y, a(x, y)]; calculating the 
predicted difference Ah/Aa (rather than 0h/da) from Equation 8; 
and using two different weighting functions for the two terms of the 
difference [ie., Ah = h(wy, l, V) — h(ws, l, ') J. These complica- 
tions, though real, are not of great theoretical importance for the 
understanding of accommodation. 

Whether h, is known simultaneously for only two values of Aa or 
for infinitely many values makes little difference. Only two values 
are needed to estimate de,/da, and this estimate suffices to control 
the dynamics of a. However, when temporal information is used to 
estimate de,/da (and it occasionally may be), the situation can be 
vastly more complicated. For example, if it is assumed that there 
is a fixed time interval (At) between the two instants of sampling 
ha, then the estimate depends on Aa/At, the average velocity of a 
during At. This leads to an additional term [ks (de./da) (—9a/8t] 
on the right-hand side of Equation 4 and converts a highly stable 
system into a highly unstable one, depending on how large kg is. Such 
à system would tend to have big, slow drifts in accommodation be- 
cause when da/dt is small, the stabilizing force 0e,/da is small. 
Even small amounts of extraneous ‘noise’ would perturb a far from 
the minimum of e,. In fact, this kind of ‘d.c. drift’ is a distinguish- 
ing characteristic of accommodation. 


Demonstration of the multistability of accommodation. If the 
Teader is young enough to possess a lens still capable of a few di- 
Opters of accommodation, he can easily demonstrate to himself 
two different stable states of accommodation in response to a single 
external stimulus configuration. First, cover one eye and establish 
the near point for accommodation by moving a pencil toward the 
Open eye, while focusing on its point. (The near point is the small- 


tm G. L. Walls, The Vertebrate Eye and Its Adaptive Radiation, 1942, 7 
255. 
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est distance at which a sharp image is possible.) Second, fixate a 
textured object (say, a picture) a few meters away. Third, while 
maintaining focus on the picture, move the pencil to the near point. 
Move it to various positions in front of the picture so that it ob- 
scures the point of fixation. Maintain focus on the picture. Fourth, 
focus on the pencil keeping the picture in the background. Then, 
alternate the third and fourth steps until you find a particular line 
of sight for the eye and a particular position of the pencil such that 
they on some occasions lead to accommodation of the picture and 
on other occasions to accommodation of the pencil. It is easy to 
focus either on the picture or on the pencil, but these changes of 
focus usually are consequences of changes in line of sight. The pur- 
pose of alternating the third and fourth steps is to find a single ex- 
ternal stimulus configuration (same line of sight) that can yield 
either state of accommodation. The external stimulus (picture plus 
pencil) thus induces two different states of accommodation (ac- 
commodation on picture, accommodation on pencil) ; there are two 
stable response states to one stimulus (multistability) . 

In this demonstration, vergence of the covered eye changes with 
accommodation. The correlated vergence change is irrelevant to the 
demonstration; it means only that the demonstration may not re- 
veal the dynamie parameters of accommodation when the covered 
eye exerts ‘drag’ on the changing value of accommodation. 


Model of Fusion 


When the eyes are at a given vergence angle (v), this vergence 
position defines a surface called the horopter. The defining char- 
acteristic of the horopter is that whenever a point lies on the 
horopter, it stimulates corresponding points of the two retinas.” In 
a small neighborhood of fixation, the horopter may be considered à 
plane, which is called the vergence plane, or plane of fixation. The 
horopter corresponding to v defines the optimum depth of an object 
for fusion of the object. When an object lies slightly in front of or 
behind the horopter, fusion is more difficult. When such objects are 


1*It is assumed here that the nonius method i irieal 
inati od is used for the emp! 
determination of the horopter, as suggested by Ogle (n. 8). Also see - 
Ogle, The problem of the horopter, in H. Davson (ed), The Eye, 4 1962, 
325-348. By this method, there is no significant difference in the neighbor- 


hood of fixation between co: ding poi n 
coordinates (as defined carly in OE RU d ena oo 
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fused, they are seen in depth relative to objects on the horopter. 
This depth sensation is here called fusion depth.!5 

The model of fusion is formally equivalent to the models for 
vergence and for accommodation. First, in the fusion model the 
fusion distance (distance from eyes to plane of fusion) corresponds 
precisely to the vergence distance in the vergence model (distance 
from eyes to plane of vergence). Second, the perceived fusion depth 
in the fusion model corresponds to the achieved vergence angle in 
the vergence model. Third, the calculation of fusion disparity from 
the retinal stimulus (l and I’) is the same as the calculation of 
vergence disparity, except that fusion is considered separately for 
each small retinal neighborhood (in vergence, the relevant region is 
the whole retina). Fourth, in the fusion model there is an internal 
bias to fuse objects in the plane of vergence (the corresponding bias 
in the vergence model is the bias to verge on the plane of accommo- 
dation). Fifth, the external stimulus energies and internal bias ener- 
gies add to form the surface governing the fusion-depth plane just 
as the corresponding vergence energies add to form the e, surface 
that determines the vergence plane. 

Before developing the model for fusion in detail, it must be noted 
that when an object lies too far behind or in front of the horopter, 
fusion is impossible. Nevertheless, the object still may seem to be 
located at the appropriate depth plane. This depth sensation is 
here called postfusion depth; it corresponds to what is convention- 
ally called ‘qualitative stereopsis.’ In the physical model of fusion 
phenomena, the perception of fusion and the perceived fusion depth 
are two different manifestations of the same underlying variable: the 
plane of fusion. By taking fusion depth and postfusion depth to be 
two different, regions of a single continuum of perceived depth, the 
Physical model for fusion depth (which extends over about +4 deg., 
or +.03 diopters, in the fovea) may be extended to include post- 
fusion depth (about +2 deg. in central vision) without introducing 
any new principles. The complete, complex relations between per- 
ceived fusion, fusion depth, and postfusion depth are described in 
the neural model. Here we consider only the most basic phenomena 
and how the model applies to them. 


15 ‘Fusion ' corresponds approximately to what has been called 
‘patent Mesas a K. N. ARA On the limits of stereoscopic vision, 
J. ezp. Psychol., 44, 1952, 253-259. Because of binocular rivalry, however, the 
range of patent stereopsis may vastly exceed the range of fusion depth— 
See the sections on binocular combinations. 
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Units of fusion displacement (Au). The unit of vergence was de- 
fined as the angle between the lines of sight of the eyes. The ver- 
gence angle is also an unconventional measure of distance from which 
conventional distance can be calculated. The distance (d) from the 
midpoint between the observer’s eyes to an object located directly in 
front of him is given by 


d= (2 tan JE Lc», [10] 


where p is the interocular distance and w is the vergence angle of 
the object. Although d, the linear distance from the observer to the 
plane of fusion, is the conventional unit of distance, it is more con- 
venient to designate the plane of fusion by u, its angular distance 
as defined by Equation 10. This scale of distance for w is commen- 
surate with the scales for v and a, and it shares their advantages of 
being directly proportional to distance on the retina (see Figure 
2d). When v is small, the tangent function can be removed from 
Equation 10, giving directly the reciprocal ‘diopter’ relation between 
d and u. In considering fusion, the distance of the horopter is V, the 
distance of the plane of fusion is u, and the distance from plane of 
fusion to the horopter is Au = u — v. This follows the earlier sign 
Cdi for Av; points beyond the horopter are represented by 
v<0. 

According to the model, whether a pair of retinal images (l and 
V; an object) is seen as fused or unfused is determined by the fusion 
energy function e,(Au) corresponding to that object, in the same 
general way that the vergence energy function e, (Av) determined 
whether the eyes verged or did not verge on the object. The Au 
value of an e, minimum determines the perceived fusion depth. Two 
components sum to give fusion energy: fusion-displacement energy 
(gu) and image-disparity energy (hu). 


F usion-displacement energy (gu). Fusion-displacement energy 
(gu) is given by a U-shaped function [g,(Aw)], which governs 
whether or not fusion occurs. The function does not extend more 
than about 3 deg. to either side, representing the fact that fusion is 
impossible for objects displaced more than about 4 deg. from the 
horopter. The function g,(Au) may also be interpreted as govern- 
ing the depth sensation that results from successful fusion. In this 
case, it is useful to think of it as having an extension to + 2 deg. 
as fusion depth (+ 4 deg.) and postfusion depth (= 2 deg.) form 
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Fig. 6. Fusion-displacement energy, g«, as a function of fusion displacement, 
Au. The function g«(Au) is defined only for |Au| < à deg. in central vision. 
The same function extended to |Au| < 2 deg. describes the corresponding con- 
tinuum of perceived depth (fusion depth plus postfusion depth). 


a single continuum. The sharp minimum of g, (Aw) represents the 
fact that unfused objects (objects seen by only one eye) tend to be 
seen in the plane of the horopter; the sides of g,(Au) are drawn 
straight, (see Figure 6) mainly to help the reader distinguish g, from 
v on graphs where both functions occur. 


Fusion image-disparity energy (hy). The contribution of hy to eu 
is defined as was the contribution of hs to e», with one difference: 
whereas h, was calculated by summing disparity over the whole 
retina, h, is calculated in each small neighborhood (Az) of the 
retina and summed over only those neighborhoods which cover the 
object. When several objects are present simultaneously in the visual 
field, hu (u, z) is calculated separately for each of them. 


Examples of the model for fusion. The study of fusion in isola- 
tion requires the control of Au, which in turn requires control of 
vergence movements. Some voluntary control of vergence is possible 
with the aid of a strong vergence stimulus (e.g, & picture frame 
within which other stimuli are presented). A better method is that 
of Fender and Julesz (n. 4), who studied the fusion properties of 
stimuli whose retinal position was stabilized by optical means (i.e., 
stimuli whose retinal position was independent of vergence). In gen- 
eral, they demonstrated that fusion had the same characteristics 
as vergence, although they did not analyze their data in this way. 
Their results can be summarized efficiently in the terminology of the 
model. 

Fender and Julesz observed that a stabilized image pair could 
always be seen as a single object if the minimum of their hy(Aw) 
function occurred for Au < 4 deg. (compare with Figure 3) and 
could conditionally be seen as a single object (by slow separation of 
the images) for Au in the range 3 deg. < Au < 1 deg. (compare 
With Figure 4). Their results show, as the model predicts, that the 
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range of the fusion depends on the retinal stimuli (l and V) used— 
partieularly on the steepness of the sides of the minimum of the 
h,(Aw) function—since their most complex textured stimulus, 
which would give the deepest, steepest hu minimum, also gave the 
greatest range of single vision. (The quantitative discrepancy be- 
tween the range of single vision observed by Fender and Julesz and 
the range of fusion predicted by the model is explained in the sec- 
tion on predictions of the neural model, below.) 

One interesting ineidental observation of Fender and Julesz is 
the existence of various stable ‘secondary’ fusion points. This too is 
predicted by the model. The secondary fusion points occur because 
a complex retinal stimulus (J and I’) may yield an h,,(Avu) func- 
tion that has several smaller relative minima in addition to its 
major minimum. The minor minima result from chance superposi- 
tion of unrelated but similar parts of the complex images. Such 
minor minima provide alternative fusion modes. In normal vision, 
saccadic eye movements produce’a ‘noise’ perturbation of vergence 
(Av). In normal vision, therefore, fluctuations in vergence from one 
eye movement to the next make it unlikely that the point of fusion 
could long remain in a small, shallow relative minimum, especially 
when it is near a major minimum of the e,(Aw) function. In 
stabilized vision, the eye movements are optically canceled and 
therefore secondary fusion points are more easily observed. 


Panum's fusional area. In the case of vergence movements, 'verg- 
ence disparity’ occurred because the minima of the e, (^v) function 
did not coincide exactly with the minima of the A, (Av) function. 
The same displacement phenomenon oceurs in the fusion model when 
the minima of e,(Au) funetion fail to coincide exactly with the 
minima of the hy(Au) function. This means that when retinal 
fusion occurs for a stimulus that is not in the horopter, the apparent 
plane of the fused object is shifted slightly from the true stimulus 
plane and toward the horopter. The more important psychophysical 
correlate—insofar as the shift is detectable—would be blurring and 
then doubleness of vision of the object. Blurring might be observed 
bho when the error in fusion depth itself is too slight to be meas- 

The retinal range within which fusion is possible without notice- 
able blurring or double images is called Panum’s fusional area. 
traditionally has been measured with fine-line stimuli and, so meas- 
ured, is remarkably small, about ji deg. (6 min. of arc) in foveal 
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vision.1* We now examine the predictions of the model of the range 
of singleness of vision (Panum's area), of the range of fusion 
(which is larger than Panum's area), and of how these ranges de- 
pend on the nature of the stimuli used to measure them. 

In the model, the correlate of doubleness of vision is the shift of 
a minimum of h, caused by adding gu to form eu. (The analogous 
effect in the model of vergence produced ‘vergence disparity.’) We 
can make a quantitative statement. The displacement of the mini- 
mum of h, is small when it is a sharp minimum (i.e., when the sides 
of hu near its minimum are steep). This sharpness is determined by 
@h,/du2; the greater d?h,/du?, the greater the range of singleness 
of vision. The range of fusion is determined by the maximum slope 
of hy (max dh,/du) ; the greater this quantity, the greater the range 
of fusion (see Figure 5). 

We can say immediately that fine lines are poor stimuli for ver- 
gence and for fusion because the minimum of h, is very shallow; 
large-area, fine-textured, high-contrast stimuli produce the deepest 
minima in h,, and thereby the largest values of d?h,/du? and max 
dh,/du. Therefore the physical model correctly predicts that large- 
area stimuli produce a greater range of singleness of vision and a 
greater range of fusion than do fine lines. It also predicts that the 
range of fusion (determined by max dh,/du) may far exceed the 
range of singleness of vision (determined by d*h,/dw?). This pre- 
dietion accounts in part for the paradox of the enormously large 
range of binocular fusion in casual observations (several degrees) 
and the tiny range of Panum's area (jl deg.). The difference be- 
tween the fine-line stimuli used to measure Panum's area and the 
large-area stimuli encountered in normal vision is not the whole 
explanation, however, because binocular rivalry is involved. The 
Problem is considered again in the section on predictions of the 
neural model, 


THE PHYSICAL MODEL—WITH INTERACTIONS 


_ Up to this point, the physical model has dealt with each system 
in isolation, The model for vergence considered a and u fixed; the 
model for accommodation considered v and u fixed; and the model 
- for fusion that was just discussed considered v and a fixed. We are 
now ready to consider the interactions between the three mecha- 
hisms and to describe the operation of the complete model. 


1¢ Ogle (n. 8). 
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Interaction of Vergence and Accommodation 


In Equations 1 and 2, both v and a occur in both terms on the 
right side of the equations: the displacement terms (g) contain a 
and v explicitly, and the image terms (A) contain a and v implicitly 
inland I’. 

The image-term interactions are relatively unimportant and may 
merely be mentioned. In Equation 2, vergence affects the position on 
the retina of the stimulus (l and I’) to accommodation. Because the 
weighting function [w(z, y)] is not a constant, retinal positions dif- 
fer in the effectiveness with which they affect accommodation. Be- 
cause vergence can shift l and I’ relative to w, it can affect ha 
slightly. Similarly, in Equation 8, the value of accommodation af- 
fects the shape of minima in the h, function; blurred images have 
shallower minima than sharp images. In practice both of the effects 
of these image-term interactions are negligible compared to the ef- 
fects of the displacement-term interactions. 

The displacement-term interactions between vergence and ac- 
commodation are evident in Equations 1 and 2. In the accommoda- 
tion-displacement term of Equation 2 [g,(Aa)], Aa is defined in 
terms of both a and v, by Aa = a — v. Thus, the value of V 
determines the center of the accommodation-displacement function. 
Similarly, in Equation 1, the center of the vergence-displacement 
term g, is determined by the value of a. These relations are incor- 
porated into the model illustrated in Figure 7. This model consists 
of two templates (ga and g,) , which slide sideways, parallel to each 
other, along rails to which they are attached. Two marbles (v and 
@, representing vergence and accommodation respectively) roll 
along the templates. A constant force (a spring, not gravity, in this 
model) drives each marble toward the ‘bottom’ of each template 

(ie., toward the opposite rail). The v marble is held by a rod-and- 
spring device which is attached rigidly and perpendicularly to the 
center of the gq template, so that when the marble moves, the ge 
template slides horizontally by exactly the same amount. The 4 
marble is similarly attached to the g» template. Figure 7a shows 
the systems temporarily out of equilibrium, at the instant when à 
visual stimulus has been turned off ; Figure 7b illustrates the equilib- 
rium reached in the absence of a stimulus. 

Figure 8ab illustrates the vergence and accommodation systems’ 
response to a stimulus to convergence. In Figure 8a the stimulus has 
just been turned on and the systems are starting from their previous 
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Fr. 7. Vergence-accommodation interaction in the dark. The marble repre- 
senting vergence rolls on the g» template, pushed toward the lower rail by a 
constant force from the spring; the ga template, rigidly attached to the rod- 
and-spring device holding the v marble, follows the v marble exactly. The 
accommodation marble rolls on the ga surface, pushed toward the upper rail 
by its spring; it carries the g» template with it. The templates slide along the 
rails without friction. (a) The v-a systems temporarily out of equilibrium; 
(b) the final equilibrium. No visual stimulus to vergence or to accommoda- 
tion is present here. 


equilibrium position. Figure 8b illustrates the equilibrium position 
reached in response to this new stimulus. The image-displacement 
functions ha and h, are also illustrated in Figure 8. They remain 
fixed in the external world as the g, and g, templates slide. The 
€, and e, surfaces upon which the marbles roll are formed by adding 
the stationary hs to the sliding gs. The physical realization of the 
9 + h addition is a cumbersome, irrelevent mechanical problem; 
it is trivial in an electrostatic analogy. 

Figure 8 also illustrates how accommodation helps vergence. If 
accommodation were fixed at the initial value, the vergence energy 
function e, of Figure 8a would indicate a bistable vergence con- 
figuration. Starting from the position of Figure 8a, vergence on the 
stimulus would not occur (i.e., the marble would not leave its initial 
Position). However, when accommodation is free to vary, it carries 
the vergence template (g,) along with it until vergence also occurs. 

Figure 8cd illustrates what happens when the stimuli to accomo- 
dation and vergence do not agree. This would happen, for example, 
if a person with normal vision, who had verged and accommo- 
dated on a stimulus, suddenly put on reading spectables with, say, 
à correction of +1 diopter (23.5 deg.). Figure 8c illustrates the sit- 
uation the instant the spectacles have been put on. His vergence is 
correct, but his accommodation is now too large by +1 diopter and, 
as Figure 8c illustrates, the a marble would start to roll into the 
ĉa energy well. As it moves, it carries with it the g, template. There 
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Fig. 8. Vergence-accommodation interaction. Vergence image-disparity energy, 
he, is shown below the vergence template's rail, and accommodation image-de- 
focus energy, hs, is shown above accommodation's rail. The image functions, 
ha and he, add directly to the displacement functions, ga and gv, to form their 
respective energy functions, ea and e, (Equations 1 and 2). Here, ga and ¢ 
(but not ha) are represented ‘upside down. The a and v marbles roll on €a and 
€» surfaces propelled outward by their springs; they carry the opposite tem- 
plates with them, and in so doing cause the e, and ea surfaces to change 
shape continuously as g and h are added in different spatial relations. (a) The 
v-a systems (just previously accommodated and verged on a distant stimulus) 
the instant after a near stimulus has been turned on. (b) Equilibrium on the 
near stimulus. (c) Equilibrium on the near stimulus disturbed by sudden 
placement of a positive lens before each eye. (d) Equilibrium achieved in 
viewing the near stimulus through the positive lenses; ‘accommodation dis 
parity’ is Aas, ‘vergence disparity’ is Avs. 


is no initial ‘resistance’ of the g, template to the movement because 
the vergence marble was resting at the bottom of an energy wel 
where the slope was zero. At some point before accommodation 
reaches the bottom of the energy well in e,, equilibrium is reached, 
as illustrated in Figure 8d. 
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The equilibrium position illustrated in Figure 8d has two inter- 
esting properties. First, the final equilibrium position may not be 
uniquely determined, because the marbles come to rest when they 
both lie on e, and e, slopes that are zero. This situation may occur 
for a significant range of possible values of a and v, with a cor- 
respondingly wide ambiguity of the ‘equilibrium’ values of a and v. 
Second, the equilibrium positions of a and v occur at the minima of 
€, and e», and these minima are displaced from the corresponding 
minima of ha and hy. The displacement of the minima of e, from 
those of h, was previously noted to be the cause of ‘vergence dis- 
parity.’ A similar displacement of the minima of e, from those of ha 
is the cause of ‘accommodation disparity.’ 

At the instant the +1 diopter of ‘accommodation disparity’ was 
introduced by the spectacles, the sum of the ‘vergence disparity’ 
plus ‘accommodation disparity’ was 1.0. As the overall system ap- 
proaches the equilibrium position (Figure 8d), the total disparity 
is continuously reduced, but it can never quite reach zero; some 
‘vergence disparity’ and some ‘accommodation disparity’ remain at 
the minima of ha and hy whenever a ~ v. The final equilibrium 
depends complexly on all of the relevant factors: the stimulus to 
accommodation, the stimulus to vergence, and the exact shape of 
the accommodation and vergence displacement functions. 


Interaction of Fusion and Vergence 


In the model, the effect of vergence on fusion is simple: vergence 
determines the horopter and hence the center of the gu displace- 
ment, funetion.!? So far, however, the model does not contain a cor- 
responding effect of fusion on vergence. The computation of image 
disparity, which is virtually identical for fusion and vergence, sug- 
Bests a possible action of fusion on vergence. | 

The speed of vergence is restricted by the mechanical properties 
of the eyeball and its muscular apparatus. Fusion is not so re- 
stricted. Consequently, fusion of an object can occur before vergence 
Upon it is complete—or, for that matter, before vergence has even 
begun, The model of vergence is based on de/dv (Equation 1), 
Which is calculated in an infinitesimal neighborhood of v (Equation 


| The effect o n perceived depth is far more complex, and be- 
Yond the scope of te QNS K. N. Ogle, Spatial localization through 
binocular vision, in H. Davson (ed.), The Eye, 4, 1962, 271-324; W. Richards 
ind J. F, Miller, Convergence as a cue to depth, Percept. & Psychophys., 5, 
1969, 317-390, 
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| 
6). The definition of e, does not take any account of the infor- 
mation the fusion system may have about vergence possibilities up 
to +2 deg. from v. Therefore, a new vergence image-disparity en- 
ergy function (H,) is proposed here, to incorporate fusion informa- 
tion. 

In defining H,, the h, definition (Equation 6) is modified to give 
fused stimuli greater importance than unfused stimuli in deter- 
mining vergence, by incorporating a fusion factor [U (x, y, u)] into 
the defining integral: 


Ho, U) = ff tte — 0/2, ) — v +0/2, v) 
+ U(a, y,v)Jw(e, y) de dy. [U] 
The fusion factor is U = 0 when fusion has occurred at the plane 
v = u in a neighborhood of x, y; and U > 0 when fusion has not 
occurred. In general, U(x, y, v) is assumed to vary with distance 
from the plane of fusion in roughly the same way that gu(Au) 
varies with Au (Figure 6). The revised definition of H, by Equa- 
tion 11 changes nothing of fundamental importance in the treat- 
ment. It merely makes e, a more accurate representation of ver- 
gence by incorporating an interaction of fusion with vergence. 
Before concluding this section, it must be mentioned that hori- 
zontal vergence, and horizontal convergence in particular, can—to 
a much greater extent than vertical vergence, fusion, or accommoda- 
tion—be controlled voluntarily with practice. Voluntary control is 
represented as a force, ðey/ðV; fyo has been neglected in the theo- 
retical treatment, but it must be considered, particularly in com- 
posing demonstrations that involve convergence. 


Interaction of Accommodation and Fusion 


The model contains an implicit image-term interaction of 4 and 
uj that is, failure to accommodate blurs an image and affects fusion 
of it. The model contains no provision for u to affect a, and there 
are no data to suggest that one is needed. Nor does the author know 
of any authentic three-term interactions (i.e., interactions not de 
rivable from two-term interactions). 


Naturally occurring objects provide highly correlated stimuli 1 


4 
The Complete Physical Model: An Illustrative Ezample | 
a, v, and u; they challenge neither the visual system nor the model. 
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However, images viewed in a stereoscope frequently not only chal- 
lenge but defeat the visual system's attempts to cope with them. The 
model now undertakes to joust with one such stimulus. 

Figure 9 illustrates a typical stereoscopic stimulus (L and L/) 
and the intended depth illusion (seeing a raised disk above a rec- 
tangle). The illusion of stereoscopic depth is difficult to achieve 
when the rectangle and disk are separated by about 1 diopter 
(3.5 deg.). Most observers readily can fuse that portion of the 
scene for which accommodation is appropriate—say, the rectangle 
—but they cannot at first fuse the disk. After some ‘trying’ (which 
consists of looking at various parts of the display), they suddenly 
are able to fuse the disk also. Once this fusion has occurred, they can 
look from the rectangle to the disk without disturbing fusion of 
either. 

Figure 10 shows the model for the sequence of events just de- 
scribed. The complete model of Figure 10 differs from the model 
of Figure 8 only in that templates representing fusion have been 
added. The fusion templates are carried along with vergence, so that 


. | ol D 


£ E 


(b) 


Fia. 9, A stimulus (a) to be viewed in a stereoscope; L and L/ respectively 
are the images seen by the left and right eyes. (b) Perspective representation 
of percept induced by the stimulus in (a). 
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gu always lies centered under g,. The image-disparity functions 
h,(u, z) that add to gu remain fixed, of course, and do not move. 
The two fusion templates illustrated represent two small areas of 
the retina, one in the central fovea, one in the periphery. 

Figure 10a shows the starting position of the model when the pic- 
ture is turned on. Immediately before, the observer has been looking 
at the frame of the stereoscope. Accommodation and vergence 
therefore are appropriate for the background rectangle. The disk, 
which falls on the fovea, is unfused and the eyes are not verged 
on it. The vergence image disparity (h,) is indicated according to 
its original definition in Equation 6. The weighting function (w) 
assigns less weight to the peripheral stimulus (rectangle) than to 
the foveal stimulus (disk). The ‘unweighting’ of peripheral image 
disparity is confined to vergence and does not occur in the hy fusion 
image-disparity function. 

When confronted with unfused foveal images and fused periph- 
eral images, the eyes usually turn to fixate the fused image. Figure 
10b illustrates this situation, with the fovea pointed to one side of 
the rectangle. There now are excellent stimuli to accommodation, 
vergence, and foveal fusion; only peripheral fusion of the disk is 
unsatisfied. 

Eventually, as the observer attempts to fuse his entire visual field, 
his eyes return to fixate the disk and he has returned to his initial 
state (Figure 10a). To fuse the disk, the eyes first must converge. 
Convergence may be triggered in numerous ways. In terms of the 
model, these Ways are methods of getting over the ‘hump’ between 
the two minima of e, or of eliminating it temporarily. In some 
cases, convergence may be delayed even when there is no hump, if it 
is slowed by a very shallow slope of e,. In these cases, the observer 
need only keep looking at the unfused disk and his eyes will slowly 
verge on it. Alternatively, a saccadic eye movement may cause 8 
spontaneous fluctuation in vergence that is large enough to bring 
vergence over the hump in the e, function. Or, the eyes may find à 
location to fixate that produces a particularly strong vergence stim- 
Sin (a minimum of minima of hy), which eliminates the e, hump. 
Maii Rp vergence-hunting motions may occur. 
lenses batten tte wal mou. E. ione € 
before the ereili ; may be simulated by placing pris 

For whatever reason, when the vergence marble finally arrives at 
the edge of the disk’s e, energy well, it rolls into it. Fusion of the 
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Fic. 10, Complete model of vergence, accommodation and fusion. The gu 
fusion templates are attached to the v marble and move with it (as does ga). 
The fusion image-disparity energy function A«(u, 2) remains fixed. It adds to 
«(u) to produce the e. surface upon which the u marble rolls. A constant 
force (mechanism not indicated) propels the u marble downward. Each ge 
template represents a different small area of retina. The minimum of hs is 
drawn narrow for the disk, wide for the rectangle (see Figure 9). The ^, function 
" the sum of A, functions, with the peripheral hy reduced by 4. (a) Initial view- 
ing of the images of Figure 9a, fixation on disk: vergence and accommodation 
are appropriate for rectangle; accommodation is appropriate for disk also, but 
vergence is not and the disk is not fused (v and foveal u marbles are not in 
energy wells of the disk). (b) Fixation on rectangle: the disk, which still is 
Unverged upon and unfused, now is in periphery. (c) Fixation on disk after 
vergence upon and fusion of disk: note that peripheral fusion of rectangle is 
maintained; note ‘accommodation disparity’ Aa, and negligible *vergence dis- 
parity’ (d) Fixation on rectangle after (c): note that peripheral fusion of disk 
18 maintained, 
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disk occurs momentarily before the equilibrium position of vergence 
on the disk is reached (Figure 10c). In verging to equilibrium, fu- 
sion of the rectangle may remain undisturbed because of the rela- 
tively slow vergence movement, although nonfusion of the rectangle 
is now an alternative stable state. 

Figure 10d illustrates the equilibrium state of the system when 
fixation is transferred to the rectangle. In the model (and presum- 
ably in the observer), accommodation and vergence when both disk 
and rectangle are fused are the same as when only one or the other 
was fused (compare Figure 10a and 10d). Even the fusion energy 
function e, is the same. The only difference is that in Figure 10d the 
fusion marble has attained the less accessible one of the two energy 
wells of the peripheral e, function. 

Once fusion of the disk has been established, it is possible to look 
back and forth from disk to rectangle and to verge on each. In the | 
model, this requires that fusion of the disk, when it occurs, remove 
the hump in the e, vergence functions of Figure 10a. This facili- 
tating effect of fusion on vergence is provided for in the revised - 
definition of vergence image-disparity energy (H,), but it has not 
been indicated in Figure 10. ; 


THE NEURAL MODEL 


The physical model is formally the same for vergence, for accom- 
modation, and for fusion. However, the neural mechanisms underly- - 
ing these three systems differ from each other. The accommodation 
mechanism is essentially monocular; therefore, accommodation - 
itself is of interest here mainly in terms of its interaction with 
vergence. (A neural mechanism of accommodation is proposed in 
Appendix A.) On the other hand, fusion and vergence are essen- 
tially binocular processes; both require the interaction of informa- 
tion from both eyes. The proposed neural process is basically the | 
same for vergence and for fusion; the main difference being that 
fusion is computed separately in each region of the retina whereas 
vergence signals are summed over the whole retina. Thus, fusion 
serves as the kernel of the vergence system. In addition, fusion in- 
volves binocular rivalry and other interesting phenomena. The pur- 
pose of the neural model is to propose an analysis of the component 
processes of fusion; the extension to the processes of vergence B | 
merely outlined. 


The analysis is presented in terms of the functions performed by 
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hypothetical neurons. The hypothetical neurons resemble real neu- 
rons, but whether they resemble neurons of the visual system is an 
unanswered question. The analysis is entirely functional, so any ex- 
act resemblance would be fortuitous. Although there are important 
new reports of electrophysiological recording from binocularly sensi- 
tive neurons in the brains of cats and monkeys,!* the neurophysio- 
logical data presently available are too fragmentary to provide 
either confirmation or disproof of the proposed model. 

The core of the proposed neural mechanism is a neural binoc- 
ular field (NBF) that performs the kind of binocular comparisons 
described by Equation 7. The use of a binocular-comparison field as 
an explanatory concept for depth perception can be traced to Kep- 
ler; neural fields of this general kind are also familiar in other 
contexts. Psychophysically, the existence of binocular point-by- 
point comparison has been amply documented by the demonstra- 
tion of binocular depth perception in the absence of monocular 
cues,?1 

As diagrammed in Figure 11, the neural binocular field (NBF) 
is an internal three-dimensional representation of the external world. 
The z, y plane represents the dimensions perpendicular to the ob- 
server’s line of view; the z dimension represents depth. At each level 
in the NBF, signals originating from the left and right eyes are 
represented with different translations relative to each other. Sig- 
nals originating from corresponding points of the retinas intersect 
in the middle of the field; signals originating from points displaced 
temporally in the two retinas (i.e., signals produced by an object 
hearer to the observer than his fixation point) intersect below the 
middle of the field; signals from a more distant object intersect at 
the top of the field. 


18H. B, Barlow, C. Blakemore, and J. D. Pettigrew, The neural mechanism 
of binocular depth discrimination, J. Physiol. (London), 198, 1967, 327- 
T. Nikara, P. O. Bishop, and J. D. Pettigrew, Analysis of retinal correspon jag 
Y studying receptive fields of binocular single units in cat striate cortex, Ezp. 
Brain Res., 6, 1968, 353-372; D. H. Hubel and T. N. Wiesel, Cells sensitive 
oe ocular depth in area 18 of the macaque monkey cortex, Nature, 225, 

0, 41-42. ; c 

1? See reviews in E. G. Boring, The Physical Dimensions of Consciousness, 
1933 (reprinted 1963), and in L. Kaufman, On the operations ed 
stereoscopic combination, SP-66-1, 1966, Sperry Rand Research Center (Sud- 
bury, Mass.). 3 * ^ 
he. W. S. Pitts and W. McCulloch, How we know universals, Bull. math. 
tophys., 9, 1947, 124-147. 

S Bi Jules, Binocular depth perception of computer-generated patterns, 


Bell Syst. tech. J., 39, 1960, 1125-1162. 
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Fic. 11, Diagrammatic illustration of the Keplerian theory of stereopsis. A 
cross section of the neutral binocular field is indicated by NBF, at the right. 
Neural signals originate from images on the left and right retinas (| and } 
respectively) and pass through the NBF along the straight lines drawn from 
l and I to the NBF. When a region of the field receives inputs from both ! 
and /', these inputs interact. Regions of interaction of the center and outer 
disks respectively are indicated by heavy and by medium stippling. Vertical 
lines, u and ws, indicate levels of the NBF at which exact binocular cor- 
respondences occur between the signals from outer and inner disks respectively 
of l and I’. These two different levels represent different distances from the 
observer (depth). The figure is so drawn that the direction of signal flow can 
be reversed. In this case, levels of binocular correspondence ta, us in the NBF 
are interpreted as cross-sections of external stimuli. The signals (light) flow 
from right to left to produce the images l and I’. This method of representa- 
tion demonstrates how, in Keplerian theory, the contents of the NBF are & 
simple reflection of the external world. 


Up to this point, the model reiterates the general ideas of Koffka, 
Charnwood, Linksz, Julesz, Dodwell and Engle, Kaufman, and 
many others.” The model presented here embellishes on its prede- 
cessors in three respects. First, it contains two NBFs: a primary 
NBF for the fine-detail functions of binocular vision, and a sec- 


?? K. Koffka, Some problems of space perception, in C. Murchison (ed), 
Psychologies of 1980, 1990, 161-187; J. R. 5. anood, Essay on Binocular 
Vision, 1951; A. Linksz, Vision, Physiology of the Eye, Vol. 2, 1952; P. C- 
Dodwell and G. R. Engle, A theory of binocular fusion, Nature, 198, 1963, 39- 
40, 173-174; L. Kaufman, Some new stereoscopic phenomena and their im- 
plications for the theory of stereopsis, this JounNar, 78, 1965, 1-20. 
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ondary NBF for coarse-detail functions. The interaction of these 
two systems is crucial for many phenomena of binocular depth per- 
ception. Second, the model analyzes binocular fusion into elemen- 
tary subfunctions, performed by hypothetical neurons. Third, it 
accounts for fusion and for rivalry within the same system and in 
the same neurons; it suggests how neurons that yield binocular 
fusion in some circumstances can yield binocular rivalry in others. 


Primary Neural Binocular Field 


Inflow neurons. Figure 12 illustrates the four kinds of neurons 
proposed to constitute the primary NBF. The first of these are the 
inflow neurons (Figure 12a), which carry signals that originate 
from the left and right retinas. Their axons cross the NBF at op- 
posite slants. Inflow signals are carried by their axon terminations 
to all depths in the field. The inflow neurons are assumed to con- 
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Fr. 12. The neurons of which the NBF is assumed to be composed and the 
Operations subsequently performed on their outputs. (a) Inflow penon carry- 
ing inputs from left and right eyes. (b) Binocular correspondence gered 
neurons (BCDNs). (c) Level-detecting neurons. (d) Outflow neurons. The 
Motor control of the lens (accommodation) and of the rectus muscles (ver- 


Sence) is indicated at lower left. 


500 SPERLING 


nect to all other neurons in the NBF. Figure 12 is drawn so that 
the number of synapses (connections) between axons (outputs) of 
one neuron and dendrites (inputs) of another neuron in a given 
small area is proportional to the product of the density of axon 
terminations and dendrites within that area. 


Binocular correspondence-detecting neurons (BC DNs). A BCDN- 
(Figure 12b) receives its input from only one level of the NBF and 
sends its output to all‘other levels. The function of the BCDNs is to 
limit outflow from the NBF to just one particular level when a bin- 
ocular correspondence exists at that level. A BCDN receives inputs 
from inflow neurons, and it is silent unless its input indicates a cor- 
respondence between the left and right retinas. When its input does 
indicate correspondence, it produces a large output; this output 
acts to potentiate outflow at its own level and to inhibit BCDNs on 
all other levels. The precise nature of the inputs is considered be- 
low, in the section on rivalry. The transfer of signals from inflow 
neurons to outflow neurons is assumed to be possible only at the 
level that is not inhibited by BCDNs. Thus, within any small z 
column of the NBF, outflow from the NBF occurs only from the one 
level that has active BCDNs (monoactivity). 

The monoactivity of a column of BCDNs depends on their gain 
and their threshold. The gain is assumed to be large; that is, in 
isolation a BCDN would produce a large output in relation to its 
input. When the BCDNs on one level have a significantly larger 
output than those on any other level, the BCDNs of this level si- 
lence those of all the other levels. The silencing occurs because of 
implicit positive feedback, As the BCDN with the largest input begins 
to inhibit the other BCDNs, they in turn inhibit the original BCDN 
less; it increases its output still further, which in turn acts to dimin- 
ish other outputs still further, and so on, ad infinitum. When the 
most active BCDN succeeds in suppressing other BCDNs to below 
their threshold, it no longer receives inhibitory signals from them; 
it then acts as though it were in isolation. This monoactive inter- 
action permits only one level in any vertical column of the NBF 
to be active at one time. Appendix B describes and analyzes a neural 
network that has these properties; in particular, it demonstrates that 
when neurons are appropriately interconnected, their normal physi- 
ological characteristics are adequate to produce the monoactive in- 
teraction. 


If it is assumed that BCDNs in the middle level of the NBF have 
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a slightly lower threshold (or equivalently, receive a slightly higher 
level of spontaneous activity) than other BCDNs, then when only 
one eye is stimulated, the middle level is the only active level. The 
bias in favor of the NBF’s middle level corresponds to the gu func- 
tion of the physical model for fusion; recall that g, (Au) expressed 
the tendency for fusion to occur at u — 0 (middle level) in prefer- 
ence to other depth planes. 

In general, the computation performed by the BCDNs corre- 
sponds to the | — // comparison operation of the hy and A, image- 
disparity functions (Equation 6) of the physical model. Different 
levels of the NBF correspond to different values of Av and Au at 
which | — I’ is computed. The active level of the NBF corresponds 
to the plane of fusion of the physical model; the outflow from this 
level corresponds to the subjective binocular image. 


Level-detecting neurons. The third kind of neuron detects the 
active level of the NBF, that is, the depth plane at which binocular 
correspondence occurs. The function of the level-detecting neuron 
could be combined with that of the BCDN, but I have chosen to 
designate it separately. Level-detecting neurons (Figure 12c) re- 
ceive their input from BCDNs. The number of connections be- 
tween a BCDN and a level-detecting neuron increases with the 
BCDN’s distance from the center of the NBF, so that a binocular 
correspondence at an extreme level of the NBF produces a big in- 
put to the level-detector and hence a big output. 3 

The outputs of level-detecting neurons are evaluated at a dis- 
parity-depth center. Level-detecting neurons that, receive signals 
primarily from the bottom of the NBF feed excitatory signals to 
the disparity-depth center; neurons from the top of the NBF feed 
inhibitory signals. Thus the inputs to the disparity-depth center 
indicate the depth levels of binocular correspondences. 

Information about the fusion depth of each small area of the 
NBF is passed through the disparity-depth center to subsequent 
Stages for further processing. In addition to transmitting local depth 
information, the disparity-depth center sums the combined out- 
puts of the level-detecting neurons over the NBF. This summed out- 
Put signal (plus the equivalent output of the secondary NBF) is 
used to control vergence; it is the net contribution of retinal dis- 
Parity to the control of vergence. In the physical model, the image 
Component of the force that controls vergence is dh,/dv (the 
image's contribution to the slope of the e, surface under the ver- 
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gence marble) ; this force corresponds to the summed output of the 
disparity-depth center. 

As defined, the disparity-depth center produces a signal inversely 
proportional to depth, that is, a convergence signal. As a rule, the 
nervous system provides functions in paired opposites; therefore, 
a more complete diagram would include an oppositely signed depth 
center to provide a divergence signal. The factor g» of the physical 
model, which represents motoric and all influences on vergence other 
than disparity cues, is implicitly represented in Figure 12 by the 
box labeled Motor Control. 


Outflow neurons. The outflow neurons (Figure 12d) continue the 
analysis of shape, texture, and color in the NBF. These neurons are 
organized perpendicularly to the NBF and they receive inputs 
equally from all depths. Their input is significantly simplified by 
the BCDNs, which limit the inflow-outflow transfer to a single 
level of the NBF. If it were not for BCDNs, the outflow neurons 
would receive the summed signal of various planes of comparison, 
a blur of useful and useless information. The outflow neurons carry 
no binocular depth information. At subsequent stages of analysis, 
however, binocular depth information (from the level-detecting 
neurons) is recombined with the shape, texture, and color informa- 
tion of the outflow neurons. 

We may note here that the neurons which control accommoda- 

tion are not represented in Figure 12. To provide the ha defocus 
signal, any combination of contour-sensitive neurons (e.g, OR- 
center, off-surround) whose output was added at an *accommoda- 
tion center’ would suffice (see Appendix A). 


‘Binocular-rivalry neurons’: BCDNs I-IV. When antagonisti¢ 
stimuli are presented to the two retinas (e.g, | = horizontal, V = 
vertical stripes), then in some areas of the visual field an observer 
sees the stimulus from one eye; in the remaining areas he sees the 
stimulus from the other. For many stimulus pairs, there are no 
areas of the field in which stimuli from both eyes are seen simul- 
taneously. This ‘either-or’ interaction between stimuli to the left 
and right retinas is called binocular rivalry, a phenomenon 80 
closely related to binocular depth perception that one can hardly 
discuss one without the other. Here, the features of the NBF are 
elaborated to account for these rivalry interactions. 

Only one generic type of BCDN has so far been proposed, to de 
tect binocular correspondences in the NBF. Here it is further pt 
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posed that the NBF has four generic types of BCDNs, organized as 
two pairs, and that reciprocal interactions between these pair-mates 
on the same level of the NBF account for binocular rivalry. (The 
interactions between BCDNs on different levels are as described 
above: an active level suppresses all other levels, and this interac- 
tion accounts for fusion and depth phenomena.) 

To illustrate the four BCDN types, a nomenclature for describing 
neuronal inputs is helpful. Let F represent the function trans- 
mitted by an input, and let ~F represent the complementary func- 
tion. For example, F may represent input to the BCDN from an on- 
center, off-surround receptive field as described by Kuffler and by 
Hubel;? ~F then represents an off-center, on-surround receptive 
field. Other examples of antagonistic receptive-field functions would 
be a vertical light-dark boundary (F) and a dark-light boundary 
(~F), a vertical bar (F) and a horizontal bar (~F), and so 
forth. Further, let L represent an input from the left eye and R 
an input from the right eye. Let + represent an excitatory input 
connection and — an inhibitory input connection. A BCDN is in- 
active when it receives no input signals or when it receives only in- 
hibitory signals. When it receives a signal through an excitatory 
input, it becomes active. If both excitatory and inhibitory signals 
are received, the activity is less than that produced by only ex- 
citatory signals. 

Table I lists the four kinds of BCDNs for a particular function 
(F). Types I and IV are F detectors; they are active when the eyes 
receive a stimulus satisfying the function (F)—in this example, & 
white spot on a dark surround. When only the left eye receives the 


TABLE I 
Inputs or THE Four TYPES or BCDNs 


—  ————— H—Ó ee 
Input 


Type Eye Message 

I F ( F, L, +) and (~F, R, —) 
I I ~F (AF, L, +) and( F,R, —) 
In R n ( F, L, —) and (~F, R, +) 
Iv (AF, L, —) and ( F,R, +) 


R F 
Pair A, BCDNs I and III; Pair B, BCDNs II and IV. 


rganization of the mam- 
H. Hubel, Integrative 
53, 1963, 


23S, W, Kufer, Discharge pattern and functional o 
malian retina, J. Neurophysiol, 16, 1953, 37-68; D. 
ique in central visual pathways of the cat, J. opt. Soc. Amer, 
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stimulus, Type I is active; when only the right eye receives the stim- 
ulus, Type IV is active. Types II and III are the corresponding 
~F detectors. 

All four types of BCDNs are assumed to be present in every small 
region of every level of the NBF. The function of the BCDNs is to 
detect binocular correspondences and then, by means of strong 
inhibition of BCDNs at all other levels, to restrict outflow from the 
NBF to the level at which the correspondence occurred. The four 
types of BCDNs are assumed to enable specific inflow-outflow 
connections: left-eye BCDNs (Types I and II) enable transfer of 
information from left-eye inflow neurons to outflow neurons, and 
right-eye BCDNs (Types III and IV) enable right-eye inflow-out- 
flow transfer. 

The four BCDN types are organized into strong reciprocally 

inhibiting pairs within any given level of the NBF. Two kinds of 
BCDN pairs are proposed here: A pairs, composed of BCDN Types 
I and III; and B pairs, composed of BCDN Types II and IV. 
The two partners in each pair receive identical inputs except that 
excitation and inhibition are reversed. Within a level the two mem- 
bers of a pair interact in basically the same way as two different 
levels interact: a member is fully active or silent, and only one 
member of the pair can be active at one time. The active member 
is usually the member with the larger input, although previously 
established activity may persist even when the inputs are changed. 
When neither member has an input that exceeds the threshold (e), 
then both members of the pair are silent. 
P Finally, it is assumed that—in addition to their strong reciprocal 
interconnections with their partners in a pair—the four kinds of 
BCDNs have similar but much weaker reciprocally inhibiting in- 
terconnections with neighboring opposite-eye neurons on the same 
level. For example, BCDN I inhibits neighboring BCDN IIIs and 
IVs weakly, in addition to strongly inhibiting its BCDN-III part- 
ner. The effect of this interaction is facilitory, in the sense that as 
soon as one member of one pair has achieved dominance, it helps to 
silence ambivalent opposite-eye neighbors and thereby to facilitate 
the quick spatial spread of dominance of BCDNs of the same eye 
throughout that level of the NBF. 

To illustrate the operation of BCDN pairs, we consider first the 
case where both eyes receive the same stimulus. Then, one BCDN of 
each pair receives an excitatory input, and the other member T€ 
ceives an inhibitory input. For example, when the stimulus on both 
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retinas satisfies F (when it is, say, a bright spot on a dark back- 
ground), the left-eye input of BCDN I (which has an excitatory 
connection) is excited, and the right-eye input of BCDN I (which 
has an inhibitory connection) is inhibited and carries no signals. 
Therefore BCDN I is excited. The excitatory input of BCDN III is 
silent (it requires a dark spot), and the inhibitory input is active; 
therefore, BCDN I is active; BCDN III is inhibited. In Pair A 
then, BCDN I dominates BCDN III. Similarly, in Pair B, BODN 
IV dominates BCDN II. The active BCDN I's enable left-eye in- 
flow-outflow connections in the neural field, and the active BCDN 
IVs enable right-eye inflow-outflow connections; all inflow-outflow 
connections are enabled. And when the stimulus on both retinas 
satisfies ~F (when it is a dark spot on a light surround), BCDN 
II dominates I and BCDN III dominates BCDN IV; again, all in- 
flow-outflow connections are enabled. 

When the stimulus to one retina satisfies F and the stimulus to the 
other retina satisfies ~F, however, then only one set of inflow-out- 
flow connections is enabled. For example, suppose that the left eye 
receives a bright spot and the right eye receives a dark spot. BCDN 
I receives excitatory signals from the left eye and inhibitory signals 
from the right eye. BCDN III has the opposite inputs. Which of 
BCDN I and III dominates Pair A depends on the relative strength 
of the two stimuli, on past stimulation, and on bias factors. How- 
ever, only one member can be active at one time. If BCDN Iis the 
active member of Pair A, then the left eye’s inflow-outflow connec- 
tions are enabled; if BCDN III is active, the right eye’s inflow-out- 
flow connections are enabled. Normally, Pair B would enable the 
connections of the eye that was not enabled by Pair A. In the case 
of antagonistic stimuli (L = F; I’ = ~F), however, both mem- 
bers of Pair B (both BCDN II and BCDN IV) fail to receive ex- 
citatory input signals. Therefore neither member of Pair B is active, 
and only one eye’s inflow-outflow connections are enabled—those of 


the eye chosen by Pair A. 


Secondary Neural Binocular Field 


The secondary NBF is assumed to be functionally similar to, 
8nd composed of the same types of neurons as, the primary NBF, 
the main difference being that the sizes of the receptive fields of its 
input neurons are about 10 to 20 times greater. The depth range of 
the primary NBF is estimated to be about +4 deg, that of the 
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secondary NBF about +2 deg. These depth ranges.are very ap- 
proximate characterizations of central vision; in both NBFs the 
depth range increases rapidly with peripheral angle.** The depth 
signals from the primary and secondary NBFs add in proportion to 
the magnitude of the depth; thus the primary NBF signals are 
merely a perturbation on the larger depth signals from the sec- 
ondary NBF. 

The fine-detail output of the primary NBF contains information 
about stimulus shape and texture, information which is used in 
subsequent decoding of these stimulus properties, such as in pattern 
recognition. The outflow of the primary NBF ultimately determines 
the contents of perception—what we see. The coarse-detail output 
of the secondary NBF—except for the depth signal—does not serve 
pattern recognition so directly. Metaphorically, we may say the 
secondary NBF is concerned with the metalanguage of perception; 
it directs recognition processes to particular regions of the visual 
field, but it is the outflow of the primary NBF that is processed. 
Because the information dealt with by the secondary NBF is so 
coarse, the secondary NBF computes binocular correspondence be- 
tween stimuli that would be treated as different by the primary 
NBF. For example, at reading distance, the primary NBF clearly 
discriminates between the letters A and B; the secondary NBF 
treats them as identical ‘blobs.’ 


Predictions of the Neural Model 


There are two kinds of outputs from the primary and secondary 
NBFs that can be related to behavioral data: the depth signal, 
which derives from both NBFs, and the pattern outflow, which 
derives from the primary NBF. Below, the depth signals for fusion 
and vergence derived from the neural model are compared with 
those derived from the physical model; pattern outflow is consid- 


ered next; and the combinations of depth signals and pattern out- 
flow are considered last, 


Depth signals: Fusion. The active level of an NBF corresponds 
to the level (Au) at which fusion occurs in the physical model; 9 
signal indicating this level is transmitted by the level-detectin 
neurons (Figure 12c). The computation of binocular correspondence 


?* Ogle (n. 17). 
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by the BCDNs corresponds to h, (and h,) in Equation 6 of the 
physical model. The layer of BCDNs with greatest binocular cor- 
respondence corresponds to the fusion value of the A, function in 
the physical model, and the spontaneous input to the middle layer 
of the NBF corresponds to the g, bias function. The addition of 
gu and hy to form e, in the physical model is represented in the 
neural model by the combination of the spontaneous and stimulus- 
produced inputs to the BCDNs; the particular energy well of e, 
into which the marble representing fusion rolls depends on past 
stimuli and responses, just as does the particular active layer of the 
NBF. 

The multistability of fusion in stabilized vision is the work of the 
BCDNs. Activity at any level of an NBF—once it is established— 
inhibits activity at any other level (monoactivity). The normal 
mechanism for establishing activity at a new level is a sudden 
change in the entire input, such as that, caused by a saccadic eye 
movement or a blink, which in effect resets the NBF to a neutral 
starting position and allows the level which contains the strongest 
stimulus to establish itself. 

In stabilized vision, activity can be established at a level (u) 
far from the center of the primary NBF by slowly shifting & fused 
L and L/ laterally. Sooner or later, the level of maximal corre- 
spondence (Au) will contain a shallower energy well than that pro- 
duced by the bias in favor of the center level, but fusion at Au 
continues to predominate until a sudden change causes a reevalua- 
tion of stimulation at all levels (see Figure 10d). 

The physical model for fusion assumes that the image disparity of 
all possible fusion depths (u) is computed. The marble representing 
fusion rests in a particular energy well because of its past history. 
The neural suppression of one level in the NBF by another 1s equiv- 
alent to the suppression of certain fusion computations, that is, to 
the elimination of all but one of the energy wells—the one in which 
the marble rests. This suppression does not grossly disturb the 
isomorphism between the neural model and the physical model be- 
cause the marble representing fusion can rest in only one energy well 
at one time, and therefore the presence or absence of the others in 
the neural model is not of first-order importance. 


Depth signals: Vergence. The signals for controlling vergence 
are the summed depth signals from the primary and secondary 
NBFs, weighted according to the signals’ retinal location, with 
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foveal values having the greatest weight. The summing and weight- 
ing is carried out at the disparity-depth center (Figure 12). This 
signal (h,) is combined with the motor-bias component (gy) to 
give the net vergence-control signal (e,). 

The multistability phenomena illustrated in Figure 4 (that the 
eyes may fail to verge on & stimulus when it is presented sud- 
denly, although they can verge on it when it is produced by slowly 
transforming a previously verged stimulus) result from the com- 
bination of motor-bias forces (g,) with image-disparity forces 
(h,). However, complete failure of vergence (Figure 5) results 
when the disparity of the stimuli to the left and right retinas ex- 
ceeds that for which binocular correspondence is computed in the 
NBFs. This and other interactions of fusion with vergence were 
subsumed in the physical model by Equation 12. Vergence failure 
usually does not occur outside the laboratory because the link be- 
tween accommodation and vergence provides a vergence stimulus 
for naturally occurring objects. 


Pattern outflow: Binocular rivalry. The neural model predicts 
that when stimuli to the two retinas are in correspondence, the out- 
flow from the primary NBF contains the total pattern message from 
both eyes. When the retinal stimuli are not in correspondence, the 
outflow from the primary NBF contains messages only from one 
eye; the chosen eye depends on the stimulus configuration (past 
and present), on ocular dominance, and on accident. For a given 
pair of rivalrous stimuli, the condition of one eye being dominant 
isa stable condition, which, in the model, would persist indefinitely 
until a perturbation such as a blink or an eye movement changed 
the inputs?* Insofar as activity tends to fatigue BCDNs, fa- 
tigue as well as perturbations of input would contribute to altera- 
tions of dominance. 

By assuming that the funetion (F) used by BCDNs in the pri- 
mary NBF is on-center and off-surround, many additional facts of 
binocular rivalry are accounted for. For example, when, in a given 
retinal neighborhood, one stimulus contains contours and the other 
does not, the stimulus with contours dominates. This observation i$ 
predicted by the model because F is a contour-sensitive function; 
the contour input to the BCDNs enables inflow-outflow transfer in 


25 N, J. M. Levelt, Note on the distributi i i in binocular 
rivalry, Brit. J. Psychol, 68, 1967, a of dominance times in 
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its eye, whereas the noncontour input to the other eye does not en- 
able transfer. 

The model further predicts that a contour stimulus (say, a ring) 
presented to one eye enables inflow-outflow from the same eye not 
only in the neighborhood of the contour but also for the whole in- 
side of the ring, It predicts this even for rings whose radius exceeds 
the range of lateral BCDN-pair interactions—see the paragraph on 
weak BCDN interactions—because lateral spread is a self-propa- 
gating phenomenon when no resistance is encountered (i.e., a rival- 
rous visual stimulus). Levelt summarizes many observations to 
prove that common contours enable binocular summation in the area 
within the contours.2° For example, when a black disk on a white 
surround is presented to the left eye and a uniform field, white or 
dark, to the right eye, the disk dominates and is seen unaltered. 
But when a disk is presented to the left eye and a ring to the right 
eye, a disk is seen and its observed brightness is intermediate be- 
tween that of the presented disk and that of the field within the 
ring. In the neural model, inflow-outflow is enabled within both the 
disk and the ring, so that the net outflow is the combination of both 
inflows, dark and light. The model does not specify how subse- 
quent stages respond when they receive messages from the primary 
NBF that an area is both light and dark, but gray—the average— 
is a reasonable solution. 

The model predicts in some detail what is seen in such complex 
stimuli as horizontal stripes to one eye and vertical stripes to the 
other. There are two areas at the intersection of the edges of the 
stripes where the BCDN pairs receive conflicting inputs from each 
eye (see Figure 13). Once one retinal stimulus (l), say, the vertical 
stripes, has dominated the other in one boundary conflict, lateral 
interaction tends to cause dominance of that stimulus to spread 
throughout the whole stripe and into any adjacent stripes. If the 
stripes are wide enough, however, the contours of horizontal stripes 
(V) from the other eye can establish little ‘islands’ of dominance 
within the vertical stripes (Figure 13). Brightness signals from the 
two eyes are combined interior to these islands because both BCDN 
Pairs are active. Where l and l present conflicting contours to the 
two eyes, only one member of one BCDN pair is active. Figure 


13 indicates these areas of rivalry. 


2N, J. M, Levelt, On Binocular Rivalry, 1965, Institute for Perception 
RVO-TNO (Soesterberg, The Netherlands). 
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Fic. 13. Diagrammatic representation of the visual appearance of binocular 
rivalry. The stimulus to the left eye, L, is a vertical black bar on a white 
surround; the stimulus to the right eye, Z’, is a horizontal black bar. The 
Roman numerals indicate the type of BCDNs stimulated in each area of the 
view. In the center and in the background, a BCDN member of each of the 
A and B pairs is stimulated; these areas are not seen in rivalry. In other 
areas, members of only one pair are stimulated; these are areas of rivalry. 
(After Helmholtz [n. 3], 496.) 


The binocular rivalry discussed in the paragraphs above 1$ 
within a depth plane. Rivalry between depth planes is another mat- 
ter. Consider two objects, one behind the other, yet so placed that 
both objects are seen by each eye. The reader can arrange such à 
demonstration for himself with two pins. Stick the pins into a pencil 
about an inch apart, parallel to each other and perpendicular to the 
pencil. Hold the pencil against an illuminated surface at reading 
distance so that one pin is directly behind the other, as in Figure 14. 
As long as one pin is directly behind the other (pencil pointing be- 
tween the eyes), both pins cannot be fused simultaneously; a dou- 
ble image is very obvious. When the pencil is rotated so that it 
points outside of the eyes, the angular distance between the depth 
planes of the pins is not changed much, but the pins can now be 
fused. This demonstration illustrates that even when both objects 
produce distinct retinal images in each eye (so there is no loss of 
information), an object cannot be seen as being behind another 
object at the same point of the visual field. - in 

In the model, the inability to fuse two objects when one is di- 
rectly behind the other results from the monoactivity of a column 
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Fic. 14. A display in which two objects, one directly behind the other, never- 
theless produce distinct images on each retina. (a) Top view of two pins in 
a pencil; u, ua indicate the depth planes. (b) Retinal projections of the 
stimuli, (c) Views of the stimulus as seen by each eye (these views are mirror 
images of the retinal projections). (d) Projection of the stimuli (c) onto the 
NBF: fusion of the near pin on level u shown by an filled circle; the un- 
filled circles indicate heterogeneous fusion of a projection of the near pin 
with a projection of the far pin; shading indicates the area within which 
Potential fusions are suppressed because of fusion at ws; the filled circle at ua 
(in shaded area) indicates the point of binocular correspondence of images of 
the far pin, a point at which fusion is suppressed. 


of BCDNs (i.e., outflow is restricted to only one level of the NBF). 
This rivalry between different levels of an NBF is fundamentally 
different from binocular rivalry between neurons at the same 
level of the NBF, where the within-pair interactions of BCDNs 
come into play. 


Depth and outflow: Binocular combinations. A binocular view 
contains the outflow of the primary NBF (the contents) plus 
the combined fusion-depth values assigned to each 2, y location 
by both NBFs. The binocular view is cyclopean because the two 
eyes combine to give a single outflow at each z, y location of the 
NBF; the contents of a binocular view therefore are basically the 
same as those of a monocular view. The important difference be- 
tween monocular and binocular vision is the possibility of nonzero 
fusion-depth values in binocular vision. 
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To determine the contents and depth values of the cyclopean view 
in the most general case, consider a pair of stimuli (L and L’) of 
the type illustrated in Figure 15. The letters A, B, X, Y, and A’, 
B’, X’, Y’ in Figure 15 denote the stimulus letters A, B, X, Y, or 
any other identifiable patterns. The stimuli X-X’ and Y-Y’ function 
as a reference frame to fix vergence; it is assumed that binocular 
correspondences of X-X' and Y-Y’ occur in the middle layer of 
the NBF. When X = X' and Y = Y', then X-X’ and Y-Y’ are 
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Fra. 15. „Stimuli (a and c) to demonstrate binocular rivalry and/or depth; 
L and L’ are the images to the left and right eyes respectively. The repre- 
sentations of the stimuli in the primary NBF are shown in (b) and in (d). 
(b) Monoactivity within each column of the NBF precludes secing both A 
and B; only one is seen and in depth relative to X and Y. (d) A or P. 
(AnB') is seen together with A’NB, according to the outcome of rivalry in 
the central layer of the NBF. When binocular correspondence is detected in 
the secondary NBF (indicated by open circles), then ANB’ and/or A’NB is 
seen in depth relative to X and Y. 
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each seen as a single stimulus at a depth determined by vergence 
and incidental cues. Which of A or B is seen? What is its depth 
and lateral position relative to that of X and Y? The answers de- 
pend on the nature of A and B, and on the lateral separation be- 
tween them. The answers to these questions are completely general, 
because for any given region of any binocular stimulus, there is 
a choice of A, B, X, Y and of A’, B’, X’, Y’ that makes the 
reduced stimulus configuration of Figure 15 prototypical of any 
given region of the complex stimulus. 

—Binocular combinations of identical stimuli. In the first 
group of cases, B is assumed to be a null stimulus (i.e., equal to the 
background). This eliminates complications due to binocular rivalry 
and means that the specific questions and answers involve binocular 
combinations of identical stimuli (A and A’). When the lateral 
separation between X and Y is very small (less than 3 deg. in central 
vision), the binocular correspondence between A and A’ falls within 
the primary NBF (Figure 15b). In this ease, a single stimulus 
(A-A’) is seen, above and behind X and Y, laterally between them. 
Not only does A-A’ appear laterally between X and Y, but, by 
varying the relative intensity of the stimulus to the left and to the 
right eye, the perceived lateral position can be made vary con- 

. tinously between its two extremes: with A laterally directly above 
X, as when only the left eye’s stimulus of Figure 15a is presented ; 
or A’ directly above Y', as when only the right eye's stimulus is 
Presented. This displacement effect is predicted by the physical 
model of fusion as follows. "^ 

Let u;, us, us, respectively be the values of w at the minima of 
g(u), h(u), and e(u). Whenever us + th, then u, S us < us OF 
© t% > us > ws; us is displaced from u toward u by the amount 
Au = us — us. The shift Au depends on the shallowness of the 
minimum of h(u) ; the shallower the minimum, the greater Au. The 
deepest minima of (u) occur when J and V are of equal intensity ; 
the minima become shallower when l is unequal to l in intensity, 
and they vanish entirely when either } or V vanishes. Changing ur 
Value of Aw corresponds to sliding the point of fusion along one 2 
the LU projections in the NBF, and hence to a lateral shift tie 
nd A ili sed object is 
as a shift in depth. In fact, this lateral mobility of a fuse d. 
the best empirical criterion of fusion in the primary NBF- 
lateral displacement of a 


the literature. Large 
lled vergence and suppres- 


* The question of whether fusion can cause a 
object has received conflicting answers In 
Placements invariably are the result of uncontro 
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Consider now what happens when we separate X and Y. When 
the lateral separation between A and A’ exceeds the j deg. half- 
depth of the primary NBF, binocular correspondence between A 
and A’ cannot occur within the primary NBF. In this case, the 
middle layer of the primary NBF dominates; A and A’ are repre- 
sented there separately (Figure 15d). Unless one eye is strongly 
dominant, A is seen above X-X’ and A’ is seen above Y-Y’. How- 
ever, if A and A’ are large relative to the lateral displacement 
between them, they overlap and binocular rivalry may cause one 
to partially or completely suppress the other. For this reason, 
singleness of vision is not a sufficient criterion for binocular cor- 
respondence in the primary NBF. 

When the lateral separation of X and Y is less than the 2 deg. 
half-depth of the secondary NBF, the apparent depth of A is de- 
termined by the depth signal from the secondary NBF. Suppose 
both A and A’ are seen, one above each of X and Y. Whether or 
not A or A’ or both appear in depth behind X-Y depends on their 
lateral separation, on the past history of stimulation, and on their 
size and texture. With large separations, two stable states (depth, 
no depth) are possible in the secondary NBF, but the depth sign 
of the A-A’ fusion in the secondary NBF may not always be at- 
tached to both the A and A’ representations in the primary NBF. 
Therefore, the same stimuli (A-A’) may appear behind X-Y on 
Some occasions and in the plane of X-Y on other occasions. In 
brief, then, one or both images of A are seen because of their sep- 
arate representations and possible rivalry in the primary NBF; 
neither, one, or both of the images appear in depth depending on 
whether binocular correspondence was detected in the secondary 
NBF. (These relations between the objects of Figure 15 are sum- 
marized in Table II, in the middle cell of the top row). 

The last cell of the top row of Table II indicates the visual con- 
tents when the separation between X and Y exceeds the limit at 
which correspondences can be calculated in the secondary NBF. 
Then, in both NBFs, the only active layer is the middle one and no 
depth difference is seen between A and X-Y. Because A is repre- 
sented twice in the middle layer, it is seen doubly. In all rows of 


ae lll kw Sc — 
sion. This is demonstrated by briefly intensifyi steady 1 and I’ alternately, 
and noting the reappearance of the Sine ocean For backgroun@, 
see H. Werner, Dynamics in binocular depth perception, Psychol. Monog» 
49, 1937, No. 2 (Whole No. 218) ; L. Kaufman, Suppression and fusion in view- 
ing complex stereograms, this Journan, 77, 1964, 193-205. 


MEE EM c b 5l — c s o lc c: AUMNNRE 


BINOCULAR VISION 515 


Table II depth disappears when the disparity exceeds the range of 
the NBFs, and in all cases it reappears (if it appeared in any cell 
of the row) when vergence movements are permitted. 

Because the receptive fields of cells composing the secondary 
NBF are assumed to be very large, partial correspondences may be 
detected at disparities far exceeding the range of the secondary 
NBF. For example, suppose the extreme layers of the secondary NBF 
compute correspondences at disparities of 2 deg. If the diameter 
of receptive fields also were 2 deg., then stimuli separated by 4 deg. 
would still stimulate the edges of the receptive fields at the extreme 
layers, and a partial correspondence would be detected there. Brief 
flashes of simple stimuli separated by over 4 deg. do, in fact, yield 
appropriate localizations in depth (i.e., far or near) and they induce 
vergence movements in the appropriate directions,** but these re- 
sults do not directly indicate the range of the secondary NBF. 

— Binocular combinations of rivalrous stimuli. In this second 
group of cases, B is assumed to be a nonzero stimulus, different 
from A. This means that the question of what is seen involves bin- 
ocular combinations of rivalrous stimuli (A and B—assuming that 
they are sufficiently different to ‘rival’ each other, a condition 
which it is obviously impossible to fulfill for very small X-Y sep- 
arations). The results with rivalrous stimuli are basically the same 
as for stimuli that contain only A, except that wherever A was seen, 
only one of A or B is seen, depending on the local outcome of the 
A-B rivalry. These results are summarized in the second row of 
Table II. 

When the difference between A and B is too small to be resolved 
by the secondary NBF (eg., two different printed letters are in- 
terpreted as similar ‘blobs’), then there are three possible levels of 
binocular correspondence in the secondary NBF: A-A’; A-B’, 
B-A’; and B-B’. Of these, the A-B’, B-A’ correspondence is most 
likely to dominate because it is on the middle level of the NBF. 
When the middle level dominates, relative depth between X-Y and 
A or B is lost. The last two cells of the second row of Table II sum- 
marize these results. VERAT 

When A and B are so similar that they are taken to be identical 


Ae NS t 
8D. E. Mi itative depth localization with diplopic images o 
dissimilar ie Pas b 1909, 991-994; G. Westheimer and D. Y v3 
The sensory stimulus for disjunctive eye movements, Vis. Res, 9, Mes 
755; D. E. Mitchell, Properties of stimuli eliciting vergence eye movemen 

Stereopsis, Vis. Res., 10, 1970, 145-162. 
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not only by the secondary NBF but also by the primary NBF, 
then A fuses with B^ and B with A’ on the middle level of the pri- 
mary NBF and no relative depth is seen. The first cell of the third 
row in Table II represents this situation. A-B' fusion without 
depth is not the only stable state; but it takes some ingenuity to 
achieve the others. For example, if the intensity of B-B’ is ini- 
tially set to zero, then fusion occurs on A-A’. By slowly intensify- 
ing B-B’, a second state (A-A’ fusion with depth) can be main- 
tained, at least temporarily. 

Because of its historical interest, Panum's limiting case? is de- 
seribed in the last row of Table II. In Panum's limiting case, the 
stimuli, A, B, and B’, are identical lines (e.g., the letter I), and A’ 
is null. The AB' line is always fused in the X-Y plane. Whether 
the B-B’ binocular correspondence occurs in the primary or sec- 
ondary NBF depends on the X-Y disparity, and it determines the 
lateral shift (if any) of B; in either case, it is seen behind X-Y. 

The previously untested predictions of Table II have been veri- 
fied experimentally by the author, using stimuli of the kind in- 
troduced by Kaufman following Julesz's method.?? The demonstra- 
tions and the predictions have much in common with those of 
Verhoeff, Asher, and Kaufman.*! It was Kaufman who first ob- 
tained and correctly interpreted evidence for a coarse-detail func- 
tion (a ‘blob’ detector) in binocular correspondence detection.3? 
Some of Kaufman’s results are considered below; the neural model 
accounts for all the details. 


Binocular combinations: The Kaufman figures. Figure 16ab illus- 
trates two stereoscopic image pairs (La, L’ and Le, Le’) taken from 
Kaufman (n. 22). Only Figure 16a yields a stable stereoscopic depth 
illusion. Figure 16cd illustrates the representation of these stimuli in 
the secondary NBF. (Because of the large separation between char- 
acters, binocular correspondences at nonzero levels occur only in the 
secondary NBF.) Partial correspondences (any character of L with 
any other character of L/) are indicated by open circles; exact cor- 


2K, N. Ogle, Special topics in binocular spatial localization, in H. Davson 
(ed), The Eye, 4, 1962, 349-407. 


3 Kaufman (n. 27); Julesz (n. 21). T 
“P, E Tenan À EE of binocular vision, Arch. Ophthal., 18, 


1935, 151-175; H. Asher, Suppression theory of binocular vision, Brit. "A 


Ophthal., 37, 1953, 37-49; Kaufman (n. 22). , 
*? L, Kaufman, On the nature of binocular disparity, this JovNat, 77, Er 


02; Kaufman (n. 22). 
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respondences (a character with its exact match) are indicated by 
filled circles. With the stimuli of Figure 16a, exact binocular corre- 
spondences occur only on one level of the NBF. When a BCDN 
becomes active on that level, activity quickly spreads to the limits 
of the region of exact correspondence, and beyond, suppressing the 
other levels. 


OO 
oso, 

D 00000000002000 

000. 0.00, 0 


Fic. 16. Two stereogram pairs (a and b) from Kaufman (n. 22) and their | 
representations (c and d) in the secondary NBF. Filled circles indicate exaet 


correspondences, unfilled circles indicate coarse correspondences (ie. of dif- 
ferent letters); Xs indicate projection onto middle layer of outermost letters 
(for these, there is no binocular correspondence in the middle layer). Arrows 
indicate the direction of spread of activity within a layer; the lines through the 
arrows indicate the final, stable depth perception. For simplicity, only 12 of 
the 15 columns of the stereograms are indicated in (c) and (d). 


Partial correspondence is possible at many levels throughout the 
secondary NBF. However, one BCDN that is always activated by - 
a partial correspondence is the outermost one, because only this 
BCDN suffers no competition from correspondences at other levels. 
Since the uncontested, outermost partial correspondence is one level 
removed from the level of exact correspondence, it initiates 8 
counterspread of activity throughout its level. The activity initiated 
by the partial correspondence at the edge spreads inward from the 
edge while the activity initiated by exact correspondences spreads 
outward from the center; ultimately they meet. The exact cor- 
respondence is a stronger input to the BCDNs than the partial one, 
so that wherever a conflict arises, the exact correspondence pre- 
dominates. Therefore, in Figure 16c, the activity initiated by outer 
correspondences is excluded from the center rectangle. There are two 
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stable states: the one illustrated in Figure 16e (which predominates) 
and the initial state (illustrated in Figure 16d). 

For the stimuli of Figure 16b, activity initiated by an exact cor- 
respondence in the center of the stimulus spreads almost to the 
very edge (Figure 16d). Thus in Figure 16a, the center rectangle is 
seen in depth against its entire surround; in Figure 16b, only the 
end columns are seen in depth. By careful stereoscopic observation 
of Figure 16b the reader may be able to observe the temporal 
spread of activity from the center outwards: he also may observe 
briefly various semistable depth configurations. 

The foregoing explanation accounts for the presence or absence 
of relative depth in Kaufman’s demonstration. The content of what 
is seen (i.c., which letter) is determined in the primary NBF. Only 
the center level is active there because the disparity between ad- 
jacent letters exceeds its limits. Since the eyes verge on the inner 
letters, these fall on the center level. To note which letters are pro- 
jected onto the center level of the primary NBF, the reader may 
refer to the center level of the secondary NBF (Figure 16c, 16d) ; 
there is no need for a separate diagram. For the stereogram of 
Figure 16a, which letter is seen depends on the A-T rivalry 
(AMT) at the center level of the primary NBF. The end col- 
umns are an exception because only the stimulus from one eye is 
represented at the center level of the NBF (crosses, Figure 16c). 
Thus the left-end column is A, and the right-end column is Lx ' 

In the stereogram of Figure 16b, the character A is seen at all its 
projections onto the center level. As for lateral position, all letters 
line up in vertical rows; the letters of the end columns (which can 
be seen in depth) do not appear to be shifted horizontally. (Lateral 
Position is determined in the primary NBF, i.e., by the projections 
onto the center level in these illustrations.) These phenomena are 
Subsumed in Table II in the second column (secondary NBF), the 
second (A + B) and third (A = B) rows. That is, A is partially 
confused with B in the secondary NBF and therefore the phenom- 
ena characteristic of both A #B and A ~ B occur. Most of cue 
man’s other interesting demonstrations fall in the same cells o 
Table II. 


Binocular combinations: The Hochberg stereograms. Hochberg 


Published several interesting stereograms,"* all of which use rival- 
onocular suppression: 


ay, Hochberg, Depth perception loss with local mi 1964, 1334-1336; 


A problem in the explanation of stereopsis, Science, 145, 
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rous stimuli with this property: that whenever binocular rivalry 
causes the image in one eye to dominate completely, the illusion of 
depth is lost. Since Kaufman's stereograms are counterexamples to 
this rule (only A or T is seen, yet depth persists; Figure 16a), we 
are faced with specifying the critical difference between the two 
kinds of stereograms. The main difference seems to be that the 
rivalry-inducing features of Hochberg's demonstrations are quite 
coarse, so that rivalry occurs in the secondary NBF as well as in 
the primary NBF. 


£ zz 


Fic. 17. Stereogram from Hochberg (third reference, n. 33) after Kaufman 
and Pitblado. The inner circles are seen in depth except when binocular rivalry. 
of one pair member over the other is complete. 


For example, to produce the stereogram of Figure 17, a hori- 
zontal grid is added to the left member and a vertical grid is added 
to the right member of a stimulus pair that would normally produce 
a stable illusion of depth. The relative coarseness of the grid fea- 
ture explains the occasional loss of depth, because large conflicting 
features cause failure to compute the image-disparity minima in 
the secondary NBF, 

Feature coarseness does not explain the correlation between sup- 
pression of one eye's input in the primary NBF and depth lose 
(suppression of an input in the secondary NBF). Significantly, 
however, the best operation for producing the correlated effects 0 
suppression and depth loss is reducing the stimulus intensity to one 
eye.* Filtering the light input obviously affects both NBFs, which 
suggests that peripheral eauses—such as vergence changes or other 


i poses one conditions of Stereopsis-suppression, Science, 146, 1964, 800; 
Ei peri. One view through two eyes: A theory of binocular combina- 
Jon and some supportive experim ting of the 
Psychonometric Society, October, 194." Ea aE te meone 


2: DS and Pitblado, cited by Hochberg (see the second reference in 
n. 33). 
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eye movements—may account for the correlation and, at any 
rate, need to be eliminated before considering explanations at higher 
levels. 


Binocular combinations in stabilized vision. Fender and Julesz's 
experiments on the “extension of Panum’s fusional area in binocu- 
larly stabilized vision” were described above, in the section on ex- 
amples of the physical model for fusion. In these experiments, rela- 
tive depth perception persisted in stimuli that had been displaced 
by 2 deg. on the retina (ie., the left eye's stimulus moved left by 
1 deg. and the right eye's stimulus moved right by 1 deg.). These 
conditions fall in the middle cell of Table II (secondary NBF, 
A+B). The only discrepancy between the prediction of Table II 
and the observation is that Table II prediets that two images, one 
of l and one of V, will be seen, whereas visibility of only one was 
reported. To account for this result, we must carefully examine the 


procedure. 


to) (b) 


Fia. 18. Cyclopean view of the relative position of the stimulus to the left 
(D) and right (P) retina in the stabilized-vision experiment of Fender. and 
Julesz (n. 4). The width of the stimuli is 34 deg. The orientation (b) illus- 
trates the point at which singleness of vision is lost; (a) illustrates the point 
at which fusion reoccurs. 


Figure 18a illustrates the stimulus conditions at the beginning of 
à trial, and Figure 18b shows them at the point where singleness of 
Vision was lost. If the stimulus of Figure 18b were presented by it- 
self, both | and V would be seen, yet when the stimulus of Figure 
18a was transformed slowly into that of Figure 18b, subjects saw 
Only one square, an effect which Fender and Julesz explained in 
terms of an extended fusion area in stabilized vision. Both results 
can be explained without introducing any new concepts: the crucial 
detail is Fender and Julesz’s inadvertently cunning use of binocular 
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rivalry. For the stimulus of Figure 18a, binocular rivalry deter- 
mines which of l or I’ is seen. Once the lateral disparity between 
l and l/ is about 1 deg. (top-to-bottom depth of the primary NBF), 
binocular correspondence no longer ean be computed within the 
primary NBF. The active level of the primary NBF is the center 
level; wherever | and I’ conflict on that level, rivalry determines 
which is suppressed. Because of the dense detail of l and , it is 
unlikely that any contour from 1 can fall against a neutral area in 
V, or conversely. Contours fall against contours, so that when I’ 
is suppressed, for example, there are no stable islands where con- 
tours of l can break the suppression by l. However, depth relations 
between portions of l and I’ persist because they are computed in 
the secondary NBF. 

As the lateral disparity between l and I’ is increased, the sup- 
pressed stimulus remains suppressed even after it no longer is 
competing against contours. This phenomenon can be observed in 
normal vision, although the model predicts it would be more readily 
produced in stabilized vision where eye movements and blinks— 
events that would tend to perturb a delicately achieved suppres- 
sion state—are eliminated. The 2-deg. limit of single vision (not 
fusion) observed by Fender and Julesz measures the limit at which 
the binocular correspondence no longer can be maintained in the 
secondary NBF (see Figure 5). The change of state in the secondary 
NBF from binocular correspondence (at Au = 2 deg.) to rivalry 
(at Au m 0) triggers the failure of the extraordinary suppression. 
At this point, the dominant stimulus is seen in its entirety; the 
other reappears in the regions where it stands alone (Figure 18b). 
Both stimuli are seen at loci appropriate to their retinal locations. 
3 In brief, the depth that results with binocularly stabilized images 
is accounted for by depth signals from the secondary NBF, and the 
singleness of vision (apparent fusion) is accounted for by binocular 
rivalry. No new principles are involved." In fact, similar sup- 


5 Professor Fender (personal communicati i observed 
ion) himself has often obse 

the tsi loss of apparent fusion at the criti! separation of binocularly 
sta pas y images. He states that the sensation is one of sudden ‘jumping 
ie tise i images from a single source, The proposed suppression hypothesis, 
e thinks, would predict that at the instant when suppression fails, the SUP" 
pressed image merely reappears without any ‘jumping apart.’ The observi- 
tion of ‘jumping apart’ and the ption that suppression precludes 
jumping apart’ causes him to reject suppression hypothesis. To support 
the hypothesis it is proposed that the of binocular correspondence in the 
secondary NBF, a loss which is coincident with reemergence of the SUP 
pressed stimulus, produces a sensation of ‘jumping apart.’ 
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pression phenomena can be observed in normal, unstabilized vision 
by displacing stimuli laterally beyond the limits at which the eyes 
diverge to verge on them. In unstabilized vision, binocular rivalry 
is quite apparent, since only partial suppression is normally 
achieved. 


Other functions in the NBF. So far, only two functions of the in- 
put have been considered: coarse detail and fine detail. Both of 
these functions can be accomplished by center-surround types of 
receptive fields of the appropriate size. Undoubtedly, many other 
functions of the input are computed. For example, the well-known 
red-green antagonism in binocular vision suggests the existence of a 
function pair for green (F) and red (~F). So far too, it has been as- 
sumed that the fine-detail and coarse-detail functions of the pri- 
mary and secondary NBFs are noninteracting and that the fine- 
detail system of the primary NBF controls other inputs, such as 
color and brightness. At present, however, the relations to each other 
of different function systems—even the specification of such sys- 
tems—must be regarded as an open question for future theory and 
experiments. 

Two processes that have erroneously been attributed to the NBFs 
are a change in the mapping of corresponding points with asymmetric 
Vergence (to account for stability of the apparent normal plane) 
and a change in the receptive field size with convergence (to account 
for changes in apparent size).** In fact, corresponding points, as 
Measured by nonius lines are so remarkably stable?" that remap- 
Ping is excluded, and we must look elsewhere for explanations of 
these perceptual phenomena. The apparent location, orientation, 
and size of objects depend in a complex way on the interpretation 
by subsequent analyzers of information available from the NBFs 
and other sources rather than on any restructuring of the NBFs 
themselves, 


Evolution of Binocular Depth Discrimination 


Some of the interactions between accommodation, vergence, and 
fusion are best understood in terms of their evolutionary develop- 
Ment. Of the three, TA Walls, accommodation was 


** W. Richards, Spatial remapping in the primate visual system, Kybernetik, 


» 1968, 145-156, 
*' Ogle (n. 8). 


evolved first and most universally.** The most versatile of the se- 
commodation mechanisms is that for comparing blur in different 
retinal areas. It requires the object whose depth is in question to 
overlap at least two predetermined retina! areas merely to make 
a determination of closer or further than the current value of 
accommodation; even then, the determination of blur is highly 
dependent on the number of contours within each area. Further- 
more, when pupil diameter is reduced in bright daylight, blur 
becomes an extremely insensitive indicator of depth because of 
increased depth of focus. Therefore, an accurate accommodative 
depth system would ultimately depend on movements of the lens 
and of the eye to track depth, and would use the accommodation 
values as the depth estimate. Unfortunately, systems that require 
both the eye and the lens to track are too inefficient, too insensitive 
(relative to the systems described below), and too slow—and 
therefore seem not to have evolved. Accommodation thus failed 
to develop into a depth-diserimination mechanism, and depth 
determination fell to other systems. 

Head movements provide extremely good cues for the monocular 
discrimination of depth. The two successive images to the one 
eye correspond to the two different views of different eyes. 
The evolution of a depth mechanism based on head movements 
would or animals that are not endangered by having to 
move heads and for animals that capture food with their 
heads by moving toward it until they encounter it. But animals 
that use paws, hands, or trunks to capture food need binocular 
depth perception to avoid avoidable trial-and-error reaching. (In 
fact, such animals have the most binocular overlap in their monoe- 
ular fields—an indication of dependence on binocular vision.) 

The evolution of stereoscopic depth discrimination required, first, 
overlapping visual fields (which originally evolved to avoid blind 
spots) ; second, a binocular registration mechanism (the NBF, 
which originally evolved to deal with the binocular overlap); 


can discriminate two depths if their levels in the NBF differ 
by one level. If the total NBF thickness of ten levels corresponded 
to 15 deg., the animal could discriminate two depths that differed 


38 Walls (n. 13), 247 ff. 
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L5 deg ; if the total depth 
Animal could discriminate 5 
the limits of visual acuity and became capable of ever-finer dis- 
wrimination, it also covered an ever-smaller depth range. The 
principle is the same as in a microscope: the higher the power, the 
ller the range of view. A small NBF depth range implies a 
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Supplement the range of the NBF). 


Conclusion 


The neural model represents only a tiny subject of the functions 
fried out in the visual system and does so in terms of neural 
‘components compatible with our present-day knowledge of neural 
Processes, It is not unique: similar functions could be carried out 
in other ways. Nor does the gometrie arrangement of parts of the 
el—multilayered NBFs—necessarily correspond to neuroanat- 
y; the model is an hypothesis only about topology (i.e, con- 
meetivity). 
- For all its limitations, the model has one characteristic that is 
of very general interest. Namely, one function performed by the 
BCDNs—limiting activity to a single level of the NBF—is rep- 
Tesentative of a universal kind of function in the nervous system. 
The BCDNs perform an extreme filtering action that restricts 


Available for further processing. Since it is 
to decide in advance just which selected aspects of every pos 
Stimulus are to be processed, the selection of input Nt pronos 
Must be under dynamic control; the results of previous uon 
Previous outputs—must control the future inputs. There en 
xtreme filtering invariably is accompanied by feedback con 


of the filter; these twin processes produce the phenomena of multiple 
stable states. 

For example, the lens of the eye can be focused exactly on but & 
single depth plane, an input restriction that places greater weight 
on the depth plane accommodated and, together with the feedback 
control of accommodation, leads to the multiple stable states of 
accommodation. Similarly, the vergence angle between the eyes 
determines the input from which binocular image disparity is 
computed, and in turn image disparity controls vergence. Again, 
filtering and feedback control lead to multiple stable states. Of 
course, vergence movements are just a minor subclass of eye 
movements. In general, the direction in which the eyes are pointed 
determines the input they receive, and this input ultimately deter- 
mines the direction in which they point. Eye movements represent 
the ultimate in peripheral filtering under feedback control—a truly 
multistable system. 

The BCDN interactions in the NBF are especially interesting 
because the filtering is not mechanical but neural. When a binoc- 
ular correspondence is detected at one level of the NBF, the level 
becomes active and output from the NBF is restricted to that one 
level (is filtered). The choice of level depends on responses to pre- 
vious inputs (is feedback controlled), and the result is multiple 
stable states of fusion. Other examples of visual processes that 
exhibit extreme multistability, presumably because of feedback- 
controlled neural filtering, are binocular rivalry (seeing the stimu- 
lus from one eye in a region of the visual field precludes seeing & 
conflicting stimulus from the other eye in that region) and figure- 
ground phenomena (seeing an ambiguous figure in one mode pre- 
cludes simultaneously seeing other modes; seeing a particular 
figure-ground relation, as on a map, precludes simultaneously 
seeing other figure-ground relations). Even elementary interactions 
between successive visual stimuli can be interpreted as exhibiting 
this multistable ‘either-or’ characteristic.29 

In nature, there normally is no reason for organisms simul- 
taneously to execute two antagonistic responses, and organisms 
cannot do it. Therefore, there is no reason to preserve information 
that ultimately would lead to antagonistic responses. The neural 
binocular field is an early locus for the rejection of antagonistic 
information; many of its paradoxical properties follow therefrom. 


59 G. Sperling, Bistable aspects of isi . Amer., 50, 
1960, 1140-1141. monocular vision, J. opt. Soc 
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APPENDIX A 


PROOF THAT BLURRING INCREASES 
IMAGE-DEFOCUS ENERGY (h+): 
THE RELATION OF A, TO RECEPTIVE-FIELD STRUCTURE 


Let l(z, y) be any luminance distribution such that l(z, y) 2 0. 
Let b(z, y) be any blur function such that b(z, y) > 0 and B = 
ft. [2. b(z, y) dz dy = 1. When l(z, y) is blurred by the function 
b(z, y) the resulting blurred image [l(z, y)] is given by 


L(@, y) = fe fe l(z', y)b(z — 2’, y — y’) dx’ dy'. [A-1) 


The two-dimensional Fourier transform of l(z, y) is 


Li, o) = f 3 f 7 detiz, y) dz dy. 


The Fourier transform @(w, e) of b(z, y) is defined similarly. Let Y“ 
represent the generalized Laplacian [('/a'z) + (0/34y)]. Then 
Parseval's theorem gives the following equality, which also defines 
G(, i): 


q, à = [f (vi, n) aa» ff + oI Li, o)l dade. 
(4-2) 


G(L, i) gives a similar relation in terms of |L,(w, o)|, where 
L(o, o) = L(w, «)8(w, e). Proof of the theorem that blurring in- 
creases h, follows immediately from Equation A-2 if we can show 
that |L,(o, e) € |L(w, o)l’; to show this it is necessary only to 
show that [B(w a)|? < 1, since 


I. = IZ? Ier". (A-3] 


j Using E to denote expectation, and recognizing that b is a proba- 


bility distribution function, gives 


l&(o, «)| = [Ed € E "7| = E HI = 1. [A-4] 
In fact, the middle equality occurs only when b(z, y) = 8(z — a) 
8(y — aj); that is, when there is no blurring, merely exact repro- 
duction or translation. TEA 7 s 
Equations A-3 and A-4 in conjunction with Equation A-2 give 


Gh, ) < GU, 9. [A-5] 
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In the text, Ah, was defined as —G(l, 2). As Equation A-5 
unambiguously states, blurring | to produce l, can only decrease 
G or, equivalently, increase ha. (The proof of Equation A-5 is due 
to M. Sondhi.) 


Receptive fields. The definition of h, in terms of V? is perfectly 
logical in terms of receptive fields. The antagonistic center-surround 
type of receptive field corresponds to a ‘blurred’ V2." That is, if 
the center portion of the receptive field were infinitely narrow, 
and the surround were an infinitely small surrounding annulus 
which subtracted from the center, the receptive field would cor- 
respond exactly to V?, In fact, the center and surround portions of 
the receptive field have a finite extent; this extent corresponds to a 
particular blurring (b) of the output of a network of receptive 
fields. The transformation performed by the receptive field is thus 
approximated by bV?. Because differentiation (V*) commutes with 
convolution (blurring), the finite center-surround dimensions of the 
receptive fields can be treated as blur in the stimulus, and the fields 
themselves considered to be perfect differentiators (V2b). The de- 
focus of the lens adds additional blur to the image; it is this vari- 
able source of blur, ha, which is the stimulus for accommodation. 

The use of the square V‘l(z, y)? in Equation 8 of the text and 
Equation A-2 is for mathematical elegance. The replacement of 
(V1)? by |vi| might perhaps bring the expression closer to physio- 
logical plausibility (separate ‘on’ and ‘off’ channels convey the 
positive and negative values of VI), but it would not materially 
alter the main results (Equation A-5). That is, when the absolute 
value replaces the Square, Equation A-5 becomes 


F. [ive ae ay < [. [vie asas n 


where ly is a blurred image of 1, 

In Equation A-6, strict equality holds for i — 0; equality may 
still hold even when i > 1 for certain combinations of stimuli (1) 
and blur funetions (b). The condition for inequality is that blur- 
ring cause some light from an area where Vi} > 0 to spill into an 
area where V'l < 0 (or vice versa). For i > 2, this spillage always 
occurs in physically realizable images with nontrivial blur functions, 

* For an early insight into this 


gische Wirkung räumlich vertheil 
wis. Classe Kaiserl. Akad. Wisse 


problem, see E. Mach, Ueber die physiolo- 
ter Lichtreize, IV, Sitzungsber. math.-natur- 
nsch., 57 (1868), No. 2, 11-19. 
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and so the absolue value, as well as the square, could serve in the 
evaluation of blur. Finally, as a practical matter, for special l(z, y) 
which are themselves very ‘blurred,’ the additional effect of de- 
focus may be negligible; in these cases, the theory predicts, it will 
be impossible to accommodate the images. 


APPENDIX B 
ANALYSIS OF NEURON-PAIR INTERACTIONS 


In terms of its function, a neuron is defined by its input-output 
relations; these are approximated by a nonlinear differential equa- 
tion of the form 


dy(t)/dt + (A + B@) + CWO = z). [B-1] 
Here, x(t) is the input, y(t) is the output; A is a constant, B is a 
function of the entire input (feedforward inhibition), and C 
is a function of the entire output of all the neurons at the same 
level (feedback inhibition) . 


Elementary neuron pair. Consider the pair of neurons illustrated 
in Figure B-1a. These neurons interact only by mutually inhibiting 
each other; the constants (k) of mutual inhibition are assumed to 


y 


— Ye 


(b) 


(a) 


Output of the neighboring neuron. (b) Neurons wi 
threshold, e, for output has been added, an 
loop, ayı, from the output back into the input. 


Theoretical 
.'" To relate Equation B-1 to cellular parameters, consult W. ~ ey oe 


significance of dendritic trees for neuronal input-output relations, x 
(ed), Neural Theory ane ‘Modeling, 1964; G. Sperling and M. M. Sondhi, 

odel for visual luminance discrimination and flicker 
Amer., 58, 1968, 1133-1145. 
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be equal; and there is assumed to be no threshold and no self- 
inhibition. Thus the term B(x) = 0; C(y) = ky; the dimensional 
constant (A) is taken to be 1.0. The analysis becomes quite simple 
if it is restricted to steady-state outputs (dy/dt = 0) in response 
to step inputs [z(f) = constant, t > 0]. In fact, very little general- 
ity is lost thereby. For such a neuron pair, Equation B-1 reduces 
to 


uy 1+ ky: Ba 
and 
= Ta 3 E 
Ya 1+ ky, ui " 


The inputs (z;) are restricted to positive values and labeled so 
luc Ta 2 Tı 2 0. Define Ay as ys — yı and Az as 1» — Tı. Multi- 
plying out, Equations B-2 and B-3, and subtracting, gives 


Ay = Az. B-44 
This result holds for all values of k. 


Adding Equations B-2 and B-3, and reducing the result alge- 
braically, gives 


m Ta)- =; + V(Ax)? + 2@, + 2)/k + 1/k. [B-5] 


For special conditions (when k > 0), Equation B-5 can be sub- 
stantially simplified: 


kAz > 2(@, + 2) > t "o [B-6) 
Ja F2 Ax 
and 
kAz «?2(n, + 2;) — (yy X ya Vrk. [8-7] 


Equation B-6 holds for z, + x2 and Equation B-7 holds for z: ~ 
25. These results show that the elementary neuron pair is a system 
for performing subtraction. The system is all the more remarkable 
because the interaction is not subtractive but divisive (the inhibi- 
tion terms appear in the denominators of Equations B-2 and p-3). 
The output Ay always equals the input Az, and when k is large 
the smaller output is approximately zero. For large k, at most one 
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of two neurons is active, the one with the larger input, and this 
neuron's output is approximately Az. 


Elementary neuron N-tuple. When more than two neurons inter- 
act mutually in the same way as the neuron pair (i.e. as a neuron 
N-tuple), Equations B-2 and B-3 generalize to 


T; 
m —— HE "3 
Y: Ft Du [B-8] 


For large k and N the following properties are derived from Equa- 
tion B-8. Let z, be the largest input and let all other inputs (2;) 
be equal. Two cases are considered: first, when % > Do" c, (see 
Equation B-9) and second, when z, € $o" % (see Equation B-10). 


ney 
tı = Na + y and y > 0> a [B-9] 
yi PS B" 20 
= rk 0 [5-10] 


Tı = Nr: > | : 
4; = kN EA 0 

When the largest input (a) is less than the sum of other inputs, 
the output also yields a power of k (k/2) in the denominator, much 
38 in Equation B-10. Thus, the neuron N-tuple retains the de- 
sirable features of the elementary pair only when one neuron has 
a larger input than all the other inputs combined. Otherwise, all 
outputs depend on k and go to zero as k — 9o. (The author is 
Bite to M. Sondhi for the derivation of Equations B-9 and 

-10.) 


Neurons with positive feedback. Consider an elementary neuron 
pair, like that of Figure B-1b. Each neuron feeds a part of its out- 
Put, a y, back into its input, where it acts like an added input 
Signal. (The threshold is ignored, temporarily.) The equation de- 
scribing this modified pair is 

„uto, [B-11] 
Vi 771 4 ky, 
By defining g as 1/(1 — a) fora < 1, it is a simple matter of alge- 

Taic manipulation to reduce Equation B-11 to 


, 
T 


= — d G [B-12] 
V = T+ (Ry 1+ky 
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The right-hand term of Equation B-12 shows that by redefining 
input as 2’ = Bz and the inhibitory coefficient as k’ = Bk, the basic 
form of Equation B-2 remains unchanged by positive feedback. The 
net effect of positive feedback is to multiply k and Az by f. This 
is no small effect: as a approaches 1, 8 approaches co; for a > 1, 8 
is infinite. Thus, a relatively small amount of positive feedback can 
enormously increase the strength of interaction (k) between neurons, 
and their gain (8). 


Effect of threshold (e). Neuronal thresholds arise naturally from 
the two-stage conversion of input to output: a neuron's input is 
converted, first, into an internal voltage and, second, into an out- 
put spike rate. Spike rates typically are proportional to internal 
voltage, but as rates cannot fall below zero, there is a threshold 
voltage. If the internal resting voltage of a neuron (zero input) 
is e below its threshold-for-firing voltage, then inputs will not be 
reflected in the output until they perturb the resting voltage by 
« (Figure B-1b). The output of a neuron with a threshold and 
positive feedback is given by 


= 2i tayi : 
y; = max P P T 3 ^ o] [B-13] 

Rather than develop the full complexities of Equation B-13, only 
one simple case is here considered, the case where a > 1. Consider 
first a neuron acting in isolation: z, = 0, i ~ j. (Note that t; = 0 
implies Y 3 0.) Because a > 1, any input x; > e causes y, > 99, OF 
more realistically, yi > Y, the maximum possible output. A neuron 
(i) acting in isolation is either fully turned on (y, = Y) or silent 
(ys = 0) depending on whether x > ¢ or x < e. 


M onoactivity in an interacting system of neurons with thresholds 
and positive feedback. Let X be the maximum possible input; let 
Y be the maximum possible output; let a > 1. Consider first what 
happens when all inputs except 2; are zero; that is, q = 0, j 7 i 
This is the Same case as neuron i acting in isolation: y; = 0 (for 
7% 1) and either y, = Y (forz, > e) or y, = 0 (for 1 € 9- 

When more than one neuron receives nonzero inputs, the first 
neuron Q) whose input (2) exceeds e turns fully on (y = 
The condition for monoaetivity of a network of N-neurons is 


quite simple; it is that any active neuron has sufficient output to 


—————— 
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prevent all other neurons írom turning on. For example, if the 
first neuron (i) whose input (a) exceeds « were to produce an 
output (Y) of sufficient magnitude to keep all the others silent, 
this would be a highly stable state. It would persist until the 
input changed. When q; finally subsided to «, another neuron 
could take over; it would silence the others, and so on. Sufficient 
conditions for this kind of monostable interaction are developed 
below. 
Neuron j is maintained in perpetual silence by neuron i when 


x 

T+ bY € e. [B-14] 
(Note that the denominator of Equation B-14 contains kY, and 
not BkY as suggested by Equation B-12, because it is assumed 
that Y already is the largest value of yı. The numerator of Equa- 
tion B-14 does not contain £ because it is assumed that neuron j's 
threshold is not exceeded; therefore there is no positive feedback.) 
Rearranging Equation B-15 gives 


(1 + EY) > z;/e = m. [B-15] 
The left side of Equation B-15 is the total inhibition of neuron sl 
(by neuron i); physiologically, it represents the factor by which 
neuron i must change the effective conductance of neuron j to silence 
it. The factor m = 2;/e is the number of times by which Tj exceeds 
the threshold (e). Let X/e = M. To guarantee monostability, the 
effective neuronal conductance change (left side of Equation B-15) 
must exceed the largest m, giving (1 + kY) > M. When this condi- 
tion is satisfied, neuron 2; is silenced by a; even when qy is receiving 
its maximum possible input. j 
The value of M depends largely on e; when « is large, M is 
small and easily achieved. To avoid the possibility of having no 
active neurons when e is large, it can be assumed that some 
neurons (ie., neurons of the middle level of the NBF) receive 
spontaneously active inputs; these effectively reduce the e re- 
quirement without changing M. l : 
To obtain bounds on M, consider the two factors which determine 
the effective change in neuronal shunting conductance (the left- 
hand term of Equation B-15). Let the factor fi = a * kY) be 
the direct increase in conductance wrought by inhibition. When 
the site of excitation is separated from the site of inhibition, the 
effectiveness of the inhibition can be increased; the increased 
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effectiveness is represented by the factor f». Assuming the attain- 
able values of fı and of fe are about 3 gives a net fife of about 9e 
for the range of opposing inputs that can be totally silenced by an 
active neuron. For inputs ranging up to 9e, this system is mono- 
stable and unbiased. If one or more inputs exceed e, one (and 
only one) neuron is active; otherwise, all are silent. This system 
has the properties assumed for it in the neural model. 


—————— > 


THE EFFECT OF THE SHAPE OF DISTRIBUTION OF 
RESPONSE STRENGTH ON GUESSING ERRORS 
IN PROBLEM SOLVING 


Cart P. Duncan, Northwestern University 


Abstract. Subjects were given problems each consisting of a stimulus word 
with its five, seven, or nine strongest word associates. They attempted to 
guess the middle-strength (target) associate. Since the hierarchy of strength 
between a stimulus and its associate responses is such that differences in 
strength among associates become progressively smaller as strength between 
stimulus and response decreases, associates weaker than the target associate 
are more similar in strength to the target than are associates stronger than 
the target. It was therefore expected that in trying to guess the target asso- 
ciate, more errors would be made to weaker than to stronger associates. This 
was found in all conditions. More generally, it appeared that the farther 
removed in strength—whether stronger or weaker—an associate was from the 
target associate, the less it was interfering. Giving the subjects a cue to asso- 
ciates stronger or weaker than the target word had some effect on, but in no 
way eliminated, the strong tendency to make more errors on weaker associates. 


— EE 


In three previous studies it has been found that when subjects 
attempted to solve problems that required guessing the nth item in 
a verbal-response hierarchy of five members, items of intermediate 
habit strength were more difficult to guess than either stronger or 
weaker members of the hierarchy. The problems used have been 
(a) stimulus words each with its five strongest word associates,! 
(b) sets of five bigrams where the bigrams within a set were of 
different frequencies of occurrence in words? and (c) sets of five 
words, the words in a set having different frequencies of occurrence 
in the printed language? In all of these studies, interest was cen- 
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tered primarily on the difficulty of guessing the correct response as a 
function of its strength (ie. its position in the hierarchy). No 
systematie examination was made of guessing errors. One study did 
present graphs of error responses, but without analysis (n. 1). 

If the members of a five-item hierarchy of strength are numbered 
from 1 (strongest) to 5 (weakest), then, as noted, Item 3 has usu- 
ally been the most difficult to guess. This, plus the fact that the 
hierarchy contains both stronger and weaker responses on which 
errors can be (and are) made, makes the middle position particu- 
larly useful for studying guessing errors. The present experiment 
was an examination of guessing errors around the middle-strength 
item in hierarchies of varying numbers of items. 

The hierarchies that were used in the present experiment were 
taken from the overall hierarchy that is shown in Figure 1. The 


MEAN PER CENT FREQUENCY 


ASSOCIATE 
TEM Ec. percent strength (frequency of response) of each of the first 10 
associates to 20 stimulus words (data from Duncan and Wood [n. 4.1) 


figure was derived from Dunean and Wood's study in which 500 
subjects each gave five word associates to each of 20 stimulus 
words taken from Russell and Jenkins. For each stimulus word, the 
frequency of occurrence of each of the 10 associates most often 


4C. P. Duncan and G. Wood, Ni i rd associations, 
Psychon. Monogr. Suppl, 1, 1966, No 7 WE VA. Rossel and J. J. 
Jenkins, The complete Minnesota norms for responses to 100 words from the 
Kent-Rosanoff word association test, Office of Naval Research, 1954. 
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given to that stimulus word was recorded. For the 20 responses, 
one per stimulus, identified as Associate 1 (highest strength, most 
frequently given), the mean frequency over the 20 stimuli was 
computed, then converted to a percentage based on 500 subjects. 
The same was done for each of the other associates (Associates 
2-10) for each stimulus. The mean percent frequencies are plotted 
for each of the 10 associates in Figure 1, where the z-axis indicates, 
from left to right, increasing weakness of association. 

Suppose subjects are given problems, each consisting of a stim- 
ulus word with its five strongest associates, taken from the study 
on which Figure 1 is based, and are asked to guess which is Associ- 
ate 3 in all problems. The plotted points for Associates 1-5 in 
Figure 1 are assumed to represent the relative strengths of the five 
associates of the ‘mean problem’ (of all problems) on which the 
subjects have to work. Response-hierarchy theory as applied to 
problem solving seems to imply that in trying to discover the 
solution response to a problem, responses higher in the hierarchy 
(greater in strength) tend to be elicited by the problem stimuli 
and thus delay or block solution However, another possibility is 
that responses more similar in strength to the solution response 
are more interfering. In a negatively accelerated hierarchy such as 
the one shown in Figure 1, this would mean that weaker associates 
might be more interfering than stronger associates. Thus, in trying 
to guess Associate 3, Associates 4 and 5 might be more interfering 
than Associates 1 and 2, since the weaker two are closer in strength 
to Associate 3 than are the stronger two. The same considerations 
should apply anywhere in the hierarchy, or at least down to asymp- 
totically low levels of strength. 

The purpose of the present study was to compare errors made to 
responses both stronger and weaker than a target response in the 
hierarchy of Figure 1, and to do so at different absolute levels in 
the hierarchy. A second purpose was to determine whether patterns 
of guessing errors would be differentially influenced if cues indicat- 
ing stronger or weaker responses were given to the subjects. 


METHOD 


Design. The design was a 3 X 3 factorial, The number variable was the 
number of associate words presented with a stimulus word. For each of the 
20 stimulus words, from the study of which Figure 1 is based, the first five, 
first seven, or first nine most-frequently-given associates were used for dif- 


Duncan (n. 1); I. Maltzman, Thinking: From & behavioristic point of 
view, Psychol. Rev., 52, 1955, 275-286. 
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ferent groups of Ss. The mean strength of each of these nine associates, over 
20 problems, is shown in Figure 1. In each number condition, Ss attempted to 
guess, on each of the 20 problems, the middle-strength associate: Associate 3 
in Group 5, Associate 4 in Group 7, and Associate 5 in Group 9; thus, these 
are the target associates. 

The other variable involved cuing. In the no-cue condition, Ss were given 
only the general instructions (see below). In the higher-cue group, E told S, 
as each problem was presented, which associate was next higher in strength 
than the target associate, Thus, Groups 5H, 7H, or 9H. were told which word 
was Associate 2, 3, or 4 respectively. For the lower-cue Ss, in Groups 5L, 7L, 
or 9L, E told S the word with the next lower strength than the target, namely, 
Associate 4, 5, or 6 respectively. 

Each of the 20 problems was typed on a separate 5 x 8 in. card. The stim- 
ulus word appeared near the left margin of the card and was followed by & 
colon. The five, seven, or nine associate words were in a horizontal row to the 
right of the stimulus word. The associates were arranged in three different 
left-to-right orders, so there were three sets of cards for each number of asso- 
ciates, each set used for one-third of the Ss in a group. 


Procedure. All Ss were first given a brief description of the obtaining of 
college students’ word associations to stimulus words. Strength of association 
was defined as frequency, that is, as the number of students all giving the 
same associate. As an example, Ss were told that to the stimulus word forest 
(not one of the 20 used here), the largest number of students responded green, 
80 it was the first or strongest associate; that a smaller number gave dark, 
so it was the second strongest associate; that an even smaller number gave 
cool, so it was the third strongest associate; and so forth. After E felt sure 8 
understood, said, “OK, now I am going to show you a card with a stimulus 
word on the left. The five [seven, nine] strongest associates that students gave 
to that word are printed in a random order on the right. I want you to guess 
what you think was the third [fourth, fifth] strongest associate.” Then to the 
cued groups, E said, “To help you I will tell you the associate next stronger 
[weaker] than the one you are to guess, that is, I will tell you the second 
at fourth, or fourth, fifth, sixth] and you are to guess the third [fourth, 
ess e Ss in cued groups, E gave the cue word just after S was handed 

On each problem S had to keep guessing until he identified the target 8s- 
sociate. The E recorded which associate if eines on every guess. 


Subjects. The Ss were 270 3 m— 
in each of the nine groups. students from introductory psychology cou 


RESULTS 


For each subject, guesses (errors) to all associates stronger than 
the target associate were summed over the 20 problems. Since the 
number of stronger associates varied from one in Group 58 (given 
Associate 2, leaving only Associate 1 as a stronger associate On 
which to make errors) to four in Group 9N (no cue), the error 
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sums were divided by the appropriate number of associates to give 
a mean error score to stronger associates. The same was done on 
guessing errors to associates weaker than the target associate. Thus, 
there were two error scores for each subject. Table I shows the 
mean of these error scores over the 30 subjects in each of the nine 
groups. In the table, the columns headed by S contain the means 
for errors to stronger associates, W indicates weaker error means. 
It can be seen that the W mean was numerically larger than the S 
mean in each of the nine groups. 


TABLEI 


Mean Errors To STRONGER (S) AND To WEAKER (W) ASSOCIATES 
IN ALL NuMBER AND CuE CONDITIONS 


Number of Associates 
5 7 9 
Cue S WwW 8 Ww 8 wW 
None 9.37 10.75 9.31 10.32 8.59 9.41 
Higher 8.47 8.92 8.63 9.28 9.08 10.33 
Lower 8.90 11.33 9.00 10.50 8.64 9.84 


ower O S RE. ——— — 


Analysis of variance of the means showed that the comparison 
of major interest (S versus W means in Table I) was highly sig- 
nificant [F (1,261) = 101.80, p < .001]. Associates weaker than the 
target associate clearly attracted more errors. Also, the S-W vari- 
able showed a significant interaction with cue [F (2,261) = 4.98, 
p < O1]. Other interactions with the S-W variable were not sig- 
nificant. 

The effect of the cue variable was significant [F (2, 261) = 3.25, 
p < .05]; the higher-cue subjeets made slightly fewer total errors 
(S and W combined) than either no-cue or lower-cue groups. The 
number variable did not significantly influence total errors. However, 
cue and number yielded a significant interaction [F (4,261) — 21.24, 
P < 01]. In part this is because the higher-cue groups made fewer 
total errors than the no-cue or lower-cue groups with five or seven, 
but not with nine, associates. 

It is clear that associates weaker than the target associate at- 
tracted more errors. If, as suggested earlier, this is because weaker 
associates are more similar in strength to the target word than are 
stronger associates, then any associate, stronger.or weaker, that is 
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closer in strength to the target should produce more errors than 
an associate farther removed in strength. This possibility was ex- 
amined by plotting Figure 2. The figure shows mean responses to 
each associate separately (including the three target words; Asso- 
ciates 3, 4, and 5) for the three groups given no cues. (Thus all 
associates were available to be guessed.) First, it may be noted that, 
as reported, associates weaker than the target word yielded more 
errors. But the figure also suggests that errors exhibited declining 
gradients on both sides of a target word: the farther away in 
strength from a target, the fewer the errors. 


0—0 Group 5 
@—® Group 7 
0—0 Group 9 
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Fia. 2. Mean responses to each associate in groups not given cues. The high- 
est point on each curve represents correct guesses of the target associate; =! 
other points indicate errors, 


A three-variable analysis of variance was done on the data in 
Figure 2 ; One variable was the three groups, the second variable 
s the distance (one step or two steps) separating an error asso- 
ciate from the target, associate, and the third variable was strength 
(stronger or weaker) of an associate compared to the target asso- 
ciate. The significant effect [F (2,87) — 131.38, p < .001] for groups 
was probably the result, (as were the differences among the groups 
in performance on the target word) of differing probabilities of 
guessing à word by chance across five, seven, or nine words. Of 
greater interest are the terms for distance and for strength. For 
distance [F (1,87) = 3.96, p < 05], errors were fewer on words 
two steps versus one step removed from the target. For strength 
[F (1,87) = 1418, p < .001], as previously reported, more errors 
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were made to weaker associates. The interaction of groups and 
strength was also signifiant [F (2, 87) — 6.61, p « .005]; the 
difference between weaker and stronger associates was less in Group 
9 than Group 5. The interaction between distance and strength fell 
just short of significance [F (1,87) = 3.61]; there is a suggestion 
that the gradient effect was sharper among stronger than among 
weaker associates, especially where this would be expected, namely, 
higher in the hierarchy (Group 5). 


DISCUSSION 


Response-hierarchy theory, mainly derived from Hull, has been 
applied to thinking—particularly problem solving—by Maltzman, 
Osgood, Cofer, and others, who assumed that a problem tends to 
elicit a number of responses and that these responses differ in 
probability of occurrence. In this respect the potential responses 
form a hierarehy of varying strengths. The response that is the 
solution to the problem is at some medium- or low-strength position 
in the hierarchy and is therefore less likely to occur, at least ini- 
tially, than stronger responses. It seems to have been implied by 
the theorists that a problem is difficult of solution to the extent 
that stronger, high-hierarchy responses interfere with discovery of 
the weaker solution response. 

Interference from responses stronger than the solution certainly 
occurs. In fact, it is possible that in response-production or re- 
sponse-retrieval problems, where the pool of responses to be 
searched is not clearly specified for the subject, stronger incorrect 
responses may provide the major source of interference. Even in 
response-selection or multiple-choice problems, where the pool of 
potential responses is specified (and the number of responses usu- 
ally quite limited), stronger responses do attract errors, as found 
in this and previous studies (n. 1). But the present experiment 
shows that in a response-selection problem, it can occur that re- 
Sponses weaker than the solution give the subjeet more trouble 
than stronger responses. 

This finding probably results from what is assumed to be the 


°C. L. Hul t of the habit-family hierarchy and maze learning, 
Psychol. oe p 1994, 33-54, 134-152; Maltzman (n. 5); C. E. Osgood, 
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ing as an associative process: III, The role of verbal responses in problem 
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general principle: that in a response hierarchy, responses similar 
in strength tend to interfere with each other more than responses 
less similar in strength. If such a principle holds, errors should 
show gradients, declining in numbers as responses are farther re- 
moved from a target response. Such gradients appeared to some 
degree in the present study and in previous studies (nn. 1, 2,3). 

One of the independent variables in the present study was the 
number of associates (five, seven, or nine) of the stimulus word. 
Since no previous study had used more than five responses among 
which the subject had to guess, the number variable was used 
partly to achieve greater generality. Use of more than five associ- 
ates, in problems where the subject always had to guess the middle 
associate, also made available potential error responses farther 
removed in strength from the target associate. On the comparison 
of major interest, namely, errors to stronger versus errors to weaker 
associates, the number variable, as expected, had no effect; the F 
value was not significant. The tendency to make more errors to 
weaker wrong associates did not vary whether there were five, 
seven, or nine associates to be searched. The number variable also 
had no differential effect on total errors. 

The other independent variable, cue, involved telling the subject 
the associate just higher (in strength) or just lower than the target 
word, on each problem. Cue did interact (p < .01) with the tendency 
to make more errors to weaker associates. To examine this, the 
number variable in Table I was collapsed and the means for the 
three cue groups, for stronger and weaker associates separately, 
were computed. These means, with the stronger-associates mean 
first, were: no-cue group, 9.09 and 10.16; higher-cue group, 8.73 
and 9.51; and lower-cue group, 8.85 and 10.56. The difference be- 
tween stronger and weaker means was 1.07 in the no-cue group: 
In the higher-cue group the difference dropped to .78, whereas in 
the lower-cue group the difference increased to 1.71. It might seem 
that where weaker associates are more interfering, giving the sub- 
ject a cue by telling him one of the weaker associates would be 
helpful in reducing the error-attractiveness of weaker associates. 
However, the subject also knew that the cued associate was one 
close = strength to the target associate. If he attempted to use this 
information by looking for associates that seemed to him similar 
in strength to the cue associate, then for the subjects given 9 
weaker associate as a cue (lower-cue group), the associates more 
similar in strength to that cue would be still weaker associates 
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(Figure 1). For the subjects given a stronger associate as a cue 
(higher-cue group), the associates more similar in strength to the 
cue were also associates that were weaker than the cue, but one of 
those was the target associate. (It may also be noted that total 
errors, stronger and weaker combined, were fewest in the higher- 
cue group.) Thus, the lower cue was the least rather than the most 
helpful, perhaps because it attracted the subject’s attention to the 
difficult-to-distinguish weaker associates. 


RELEVANT AND IRRELEVANT SALIENCY 
IN CONCEPT LEARNING 


Harotp D. Fisnsern, University of Cincinnati, 
RonznRT C. Haxaoop, California State College, Long Beach, 
and Drxm Freson, Kansas State University 


Abstract. Two concept-learning experiments are reported. The first com- 
pared performance under three stimulus configurations: with the two relevant 
dimensions highly salient; with two irrelevant dimensions highly salient; and 
with no highly salient dimensions. Performance was best when the relevant 
dimensions were highly salient, next best when two irrelevant dimensions were 
highly salient, and poorest when there were no highly salient dimensions. The 
second experiment explored several possible explanations of these results, 
which are contrary to existing notions of the effects of irrelevant saliency. Its 
results suggest that the presence of highly salient irrelevant dimensions im- 
proved performance because the subjects examined them in the early trials of 


the experiment and then could permanently eliminate them from further 
consideration. 


tt is now generally accepted that variations in the saliency, 
vividness, or obviousness, of the stimulus materials have an impor- 
tant influence on human learning.” Several different methods have 
been used in the attempt to manipulate saliency. One common 
method, called perceptual isolation, is to make some aspect of the 
stimulus material stand out by making it perceptually or concep- 
tually unique. The effects of isolation are commonly identified with 
the name of von Restorff, who introduced isolation in a serial- 
learning task by embedding a single number in a list of nine syl- 
lables? The number was learned faster and retained better than 
the same number embedded in a more heterogencous list containing 
other numbers, syllables, and nonsense forms. 
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In concept learning, the beneficial effect of isolation was demon- 
strated in the earliest objective studies, those of Hull* Hull pro- 
duced isolation by printing the relevant elements of the stimulus pat- 
terns (Chinese characters) in red, leaving the remainder of the 
pattern blaek. Relative to the condition in which all elements 
were black, performance in the isolation condition was superior. 

A second method of manipulating the saliency of a stimulus 
dimension is to change the difference between values or levels of the 
dimension. For example, in Archer's experiment with geometric 
designs, the size dimension was made more salient by increasing 
the difference between the two sizes used, even though neither of 
the sizes taken individually would be considered more salient.* 
Archer’s results showed that increasing the saliency of a relevant 
dimension led to superior performance, while increasing the sali- 
ency of an irrelevant dimension generated poorer performance. 

These effects of relevant and irrelevant saliency have been con- 
firmed by other workers. For example, both the Hull and Archer 
techniques were included in a study by Trabasso.® Using flower 
designs in which the angle of the leaves with the stem was the 
relevant dimension, Trabasso found that coloring the angle red 
(as in Hull; see n. 3) and increasing the difference between angles 
(as in Archer; see n. 4) both improved performance. 

The finding that relevant saliency helps performance and irrele- 
vant saliency hurts performance has generally been explained in 
terms of attention. If the relevant dimension is highly salient, the 
subject’s attention is drawn to it, and waste-motion studying and 
trying to use irrelevant information is reduced. Conversely, if an 
irrelevant dimension is highly salient, then the subject’s attention 
is drawn away from the relevant information, and learning is 
delayed. This view has been formalized in a mathematical model 
for concept learning presented by Trabasso and Bower The model 
assumes that subjects solve a concept-learning problem by selecting 
a subset of one or more of the available stimulus dimensions (cues) 
and testing that subset until either the correct solution has been 


* C. L. Hull, Quantitative aspects of the evolution of concepts, Psychol. 
Monogr., 28, 1920, No. 1 (Whole No. 123). i 
* E. J. Archer, Concept identification as a function of obviousness of rele- 
vant and irrelevant information, J. exp. Psychol., 63, 1963, 616-620. x E 
i 5T. Trabasso, Stimulus emphasis and all-or-none learning in concept identi- 
cation, J. exp. Psychol., 65, 1963, 398-406. la n 
®See n. 1 above see also G. H. Bower and T. Trabasso, Concept identifica- 
tion, in R. C. Atkinson (ed), Studies in Mathematical Psychology, 1964. 
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identified or an error has been made. Following an error, the 
subject samples (with replacement, and with local consistency) 
a new subset of cues to test. The model assigns to each cue a weight 
representing its saliency, or noticeability. The attention value of a 
cue is its saliency relative to that of the other cues available, and 
the relative cue weight represents the probability of sampling that 
cue. Since the subject must sample the relevant cue to solve the 
problem, the model makes a straightforward prediction that an 
increase in the saliency of the relevant cue increases the probability 
of its being sampled and hence leads to more rapid solution. Con- | 
versely, an increase in the saliency of irrelevant cues reduces the 
relative cue weight of the relevant dimension and thus leads to 
slower solution. 

It is clear that the performance decrement for increased irrele- 
vant saliency depends in part on the typical inability of subjects 
to remember past stimulus information and the fate of past hy- 
potheses tested.” The reason is that if the subject can remember 
having tried an irrelevant dimension, the negative effect of having 
been temporarily misled is countered by the positive effect of having 
the remainder of the problem simplified by the permanent elimina- 
tion of that dimension. Thus if the stimulus materials provide 
subjects some systematic way to remember having tried salient 
irrelevant dimensions, the performance decrement might be elimi- 
nated or even reversed, The purpose of the first experiment reported 
below was to explore this possibility. 


EXPERIMENT I 


„One obvious method of facilitating permanent recall of irrelevant 
dimensions already tested is that of perceptual isolation. In à dis- 
tributed simulus pattern such as an array of typewritten letters, 
one could substitute pairs of numbers for some of the letter dimen- 
sions, much as von Restorff embedded a number in a list of sylls- 
bles. This form of isolation allows the subject to partition the 
stimulus set into two subsets, letters and numbers. The studies 
cited earlier indicate that the subject’s attention should be directed 
to the isolated number dimensions, leading to faster learning? 
the number dimensions are relevant—than when all dimensions 


1 T. Trabasso and G. H. Bower, Memory i t identification, Psychon- 
Sci, 1, 1964, 133-134; R. C. Calfee, Recall and recognition memory ib 99^ — 
cept identification, J. ezp. Psychol., 81, 1969, 436-440. 
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are letter dimensions. If the number dimensions are irrelevant, 
however, the subject’s ability to remember that they do not work 
should act to reduce or eliminate the negative effect of irrelevant 
saliency. 


Method 


Subjects and design. The Ss were 72 summer-session students at Kansas 
State University, who were paid for participation. Twelve Ss were assigned 
to each of six treatment combinations in a stratified random order which en- 
sured that all groups were filled at the same rate. The experimental design 
was a 3 X 2 factorial with three levels of solution type and two levels of 
solution spacing. The three solution types were (a) two letters, contained in 
an eight-letter array, (b) two letters, contained in a six-letter, two-number 
array, and (c) two numbers, contained in a six-letter, two-number array. The 
two solution spacings were (a) adjacent relevant dimensions and (b) relevant 
dimensions separated by one irrelevant position. Examples of positive in- 
stances of the six solutions can be seen in Table I, where the solution in each 
case is italicized. 


TABLE I 


EXAMPLES oF POSITIVE INSTANCES FOR EAc or THE Six 
EXPERIMENTAL CONDITIONS: EXPERIMENT I 


eom e. o S 
e Re e es 
rr aia ia 
cc how <1 


The spacing variable was included partly for control purposes and partly 
because an earlier study had demonstrated an effect of grouping by proximity 
when the stimulus array was physically arranged into pairs of dimensions.® 
The intent was to see if the negative effect of separation of relevant dimensions 
would also occur when the dimensions were evenly spaced. The result here, 
like that of Trabasso and Bower (see n. 1), was essentially negative, and 
little more need be said about the spacing variable. 


Task and materials, The Ss performed two tasks. The first was & simple 
pretraining task that utilized geometric figures with three binary dimensions and 
required Ss to learn & two-dimensional conjunctive solution such as ‘red and 
square. All Ss received the same pretraining. For the main experimental task, 
the stimuli consisted of eight letters, or letters and numbers, typewritten on 
3 x 5 in. cards (specific examples in Table D. Each position of the row 


* H. D. Fishbein and P. Fingerman, The effects of perceptual organization on 
performance in classification tasks, Psychon. Sci., 16, 1969, 76-77. 
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represented a stimulus dimension, which could take on two values. For posi- 
tions occupied by letters, the values for each dimension were ‘capital’ and 
‘lower case’ (e.g, D or d). For the two positions occupied by numbers, the 
two values were 2 or 3, and 4 or 5. In each case there were two relevant and 
six irrelevant dimensions, with the concept involving either the fourth and 
sixth or fifth and sixth positions (from the left). Patterns failing to contain 
both relevant attributes were negative instances, and the proportions of posi- 
tive and negative instances were held constant at 50 for all problems. 

Procedure. At the outset each S was given detailed instructions describing 
the stimulus population, the nature of the concept to be learned, the method 
of responding, the meaning of the feedback, and the criterion of problem 
solution. The stimulus cards were shown to S one at a time. To each card, 8 
responded ‘yes’ or ‘no’ to indicate his guess at the correct classification, 
Following each response, E provided feedback by telling S if he was right or 
wrong and by placing the card face up in the correct one of the two boxes 
labeled yes and No. Thus S could normally observe the last card in each cate- 
gory. If the end of the stimulus deck was reached before S had met criterion, 
all cards were retrieved, the deck was reshuffled, and the task was resumed. 
The criterion of problem solution was 16 consecutive correct responses. Pere 
formance was self-paced in that S was given as much time as needed to 
respond, and instructions stressed accuracy rather than speed. 


Results and. Discussion 


The results are summarized in Table II, which shows the mean 
number of errors for the six treatment combinations; the results 
for trials to last error were essentially the same. As is evident from 
the table, the type of solution had a marked effect on performance 
[F (2,66) = 7.55, p < 01]; performance was best for the isolated- 
number solution, intermediate for the letters solution imbedded in 
an array of both numbers and letters, and worst for the same letters. 
solution when only letters were present. A Newman-Keuls test of. 
the means for solution types indicated that each mean differed. 
significantly from the others (with, at most, p < .07). Despite 
the appearance of the data in Table II, neither the solution-spaci 
effect nor its interaction with solution type was significant. 


TABLE II ^ 


MEAN NUMBER or ERRORS ror THE EXPERIMENTAL CONDITIONS: 
ExPERIMENT I 


Letters embedded in Letters embeddi 
Numbers numbers and letters in letters — 
Adjacent 2.75 12.92 16.58 am 


Spaced 7.42 12.00 22.83 
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The beneficial effect of isolating the relevant dimensions is con- 
sistent with earlier findings and provides still further confirmation 
of the von Restorff effect in concept learning. The improvement in 
performance from isolating the irrelevant dimensions is contrary 
to previous results, however, and contradicts a straightforward 
prediction from the theory of Trabasso and Bower (n. 1; see 
especially p. 148). The most appealing interpretation of this result 
is that offered at the outset, namely, that subjects are able to 
eliminate permanently the number dimensions because their unique- 
ness (saliency) facilitates memory for having tried them. There 
are, however, alternative explanations of this finding, and more 
detailed consideration is required. 

First, because the method of isolation used here permitted sub- 
jects to partition the total set of dimensions into two subsets, it is 
possible that many subjects may have considered either numbers- 
only or letters-only solutions, but not ‘mixed’ letter-number solu- 
tions. If a subject, after trying the two numbers together, irration- 
ally discards all solutions involving numbers, his set of ‘tenable’ 
hypotheses is artificially reduced; when there are no mixed solu- 
tions, as in this experiment, performance is likely to be improved 
relative to a nonisolated control group. Those subjects who second- 
guess the experimenter and start with letters gain a similar advan- 
tage; admittedly there cannot have been many such subjeets or the 
von Restorff effect with numbers relevant would not have occurred. 
If this explanation is correct, & mixed one-number, one-letter solu- 
tion should be learned more slowly than a two-letter solution when 
there are two isolated number dimensions present. In the case 
where there is only one number dimension, however, prediction is 
less clear unless it is assumed that subjects completely disregard 
the single number. , 

Among subjects who are willing to entertain mixed solutions at 
the outset, it is crucial whether or not they can recognize the rele- 
vance (or irrelevance) of number dimensions individually. For sub- 
jects who can detect the relevance of one number dimension while 
testing two, a mixed solution should be easier than à letters-only 
solution, since attention is directed to part of the solution immedi- 
ately. Furthermore, mixed-solution performance would be better 
When there is only one number dimension present than when there 
are two, since the time wasted testing the other (irrelevant) di- 
mension should generally be reduced. For subjects who are unable 
to recognize the relevance of one of the number dimensions, one 
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might suppose that rejection of the two-number solution could be 
followed by elaborate testing of mixed-solution possibilities. How- 
ever, relative to performance on letter-only arrays, such behavior 
would lead to poorer performance on letters solutions, an outcome 
specifically contradicted by the results of Experiment I. 

The second possible explanation of the superiority of letters 
solutions when numbers were present involves the observation that 
the relevant letter dimensions were located adjacent to the irrelevant 
number dimensions. Since the subject/s attention is drawn to that 
part of the array by the highly salient number dimensions, it is 
possible that they examined the letters in that part of the array, 
either incidentally while testing number solutions or deliberately 
when the number dimensions failed. This possibility is consistent 
with the results of experiments dealing with the von Restorff effect 
in serial learning, in which rate of learning items adjacent to the 
isolated item was increased relative to a list without the isolated 
item.? There is a direct test of this possibility; a two-letter solution 
located adjacent to two irrelevant number dimensions should be 


learned more quickly than one located in a different part of the 
array. 


EXPERIMENT II 


The purpose of this experiment was to test the various possible 
alternate interpretations of the results of Experiment I. Specifically, 
the following predictions were made. First, if subjects refuse to 
consider mixed number-letter solutions until late in the problem, 
then letters-only solutions should be easier than mixed solutions, 
regardless of whether one or two number dimensions are present. 
Second (assuming that most subjects examine the number dimen- 
sions first), if subjects can detect the fact that one of the number 
dimensions is relevant, performance with mixed-solutions should 
be superior to that with letters-only solutions; in addition, mixe 
solutions should be learned faster when there is only one number 
dimension than when there are two. Third, if the beneficial effect 
of irrelevant saliency in Experiment I was the result of directing the 
subjects’ attention to the part of the array containing the relevant 
letter dimensions, then placing the irrelevant number dimensions in 
a separate part of the array should hurt performance. 


* J. Wishner, T. E. Shipley, Jr., and M. S. Hurvich, The serial position eum 
as a function of organization, this Jourxar, 70, 1957, 258-262. 
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Method 


Subjects and design. The Ss were 64 summer-session students at Kansas 
State University who were paid for participating. Sixteen Ss were assigned 
to each of the four experimental treatment conditions in a stratified random 
order. The experimental design used was & simple randomized one-factor de- 
sign with four levels of solution type. The problem solutions were (a) two 
letters, adjacent to two numbers in an eight-letter, two-number array, (b) two 
letters, well separated from two numbers in an eight-letter, two-number array, 
(c) one letter and one number, in an eight-letter, two-number array, and (d) 
one letter and one number, in a nine-letter, one-number array. Examples of 
positive instances of the four solutions can be seen in Table III, where the 
solution in each case is italicized. 


TABLE III 
EXAMPLES or POSITIVE INSTANCES FOR EACH OF THE Four 


EXPERIMENTAL CONDITIONS: EXPERIMENT II 


e 
E 
e 


to m n nj 
Q^ QQ 
epee 
AD cO 
mex igus 
Pye py oe 
BHO 
23233 
"AP 


Lo LIBRE 


Task, materials, and procedure. The task, materials, and procedure for this 
experiment were the same as those of Experiment I, except that the stimuli 
contained ten dimensions. Specific examples of stimuli from each deck of 
cards are shown in Table III. 


Results and Discussion 


The results are summarized in Table IV, which shows mean 
number of errors for the four experimental treatment conditions. 
The results for trials data again were essentially the same. There 
was a marked difference in performance as & function of solution 
type [F (3,63) = 6.87, p < 01]. Groups with mixed solutions per- 
formed significantly better than groups with two-letter solutions, & 
result confirmed by Newman-Keuls test (p < .05) ; however, the 
differences between the two mixed-solution groups, and between 
the two letters-only solution groups, were not significant. : 

Two of the experimental predictions were clearly contradicted 


performance with two-letter solutions was unaffected by placing 
the number dimensions closer or farther away in the array. Thus it 
does not appear that subjects necessarily follow their examination 
of the number dimensions by examining nearby letter dimensions. 


^ 
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TABLE IV 


MEAN NUMBER or Errors FOR THE EXPERIMENTAL CONDITIONS: 
Experiment II 


Solution type 


One letter, One letter, Two letters Two letters 
one number, one number, adjacent to not adjacent to 
in eight-letter, in nine-letter, two numbers, two numbers, 
two-number array one-number array in eight-letter, in eight-letter, 
two-number array two-number array 
8.63 6.69 15.63 17.88 


Second, the nearly equal performance of groups given mixed solu- 
tions, coupled with the finding that both of these groups performed 
better than groups given two-letter solutions, indicates that sub- 
jects do not restrict their hypothesizing to number-only and letter- 
only solutions. In fact, the uniform superiority of mixed solutions 
over letter-only solutions indicates that subjects are able to deter- 
mine that one of the number dimensions is relevant, even though 
there may be others present which are irrelevant, and even though 
the remainder of the concept is yet to be discovered. This result is 
consistent with an earlier suggestion of Trabasso and Bower that 
relevant stimulus dimensions are learned separately in multidi- 
mensional conceptual problems. 

Taken together, the results of Experiments I and II indicate that 
subjects follow a fairly definite sequence or strategy in dealing 
with a conceptual problem of this type—one whose stimuli consist 
of an array containing a few highly salient dimensions (numbers) 
embedded in a larger number of less salient dimensions (letters). 
The first stage is the testing of numbers, leading to à von Restorff 
effect if numbers only are relevant. If, in this process, the subject 
discovers that one of the number dimensions is relevant, the next 
stage is the testing of mixed number-letter solutions involving that 
number dimension. Apparently, most subjects are able to detect à 
relevant number dimension even when the other is irrelevant. On 
the other hand, if both number dimensions are irrelevant, the 
subject appears to proceed directly to test letter combinations. 
Experiment I indicates that this stage is aided by the subject's 
ability to remember that the number dimensions are irrelevant. 


10 T. Trabasso and G. H. Bower, Com ing in the four-category 
concept problem, J. math. Psychol., 1, praca P a 


-————————— «—— 


e —M—————— 


RELEVANT AND IRRELEVANT SALIENCY 553 


The data presented here suggest that previous formulations of 
the role of cue saliency must be modified to take into account the 
method by which increased saliency is obtained, for different meth- 
ods may have quite different effects on both strategy and memory. 
At a minimum, there is evidence here that increasing the cue weight 
of irrelevant dimensions may have exactly the opposite effect from 
that which might be inferred from earlier work. 


APPARENT SOUND DISPLACEMENT 
DURING VESTIBULAR STIMULATION 


Gene Lester, Wheaton College, and 
Ricarvo B. Morant, Brandeis University 


Abstract. Vestibular stimulation by means of angular acce!cration around 
the midbody vertical axis produces a shift in the apparent position of & 
sound objectively rotating with the subject—the audiogyral illusion. Two 
possible explanations of the illusion were tested by a new method that leads 
to considerably reduced variance compared with previous methods. There 
were no significant differences in the extent of the illusion when stimulus 
tones of 500~, 1,024~, and 5,000~ were used. The illusion was significantly 
diminished in extent when the subjects strained their immobilized heads in 
the direction opposite from the usual apparent sound displacement during 
rotation. It is concluded that the illusion is based on a change in the felt 
position of the head rather than on differential hearing changes. 


J 1 L| o —— 


Vestibular stimulation induced by acceleratory or deceleratory 
rotation around the midbody vertical axis (Z axis) produces various 
illusory effects! One of these, the audiogyral illusion, consists of 
the apparent displacement of a sound that is objectively stationary 
with respect to the subject.? The apparent displacement is opposite 
to the direction of rotation during acceleration and in the direction 
of original rotation during deceleration.? 


Received for publication by Professor E. B. Newman. The investigation 
bd supported by a National Science Foundation predoctoral grant to the 
a. author and by Research Grant M-3658 from the National Institute of 
Lu s Health, United States Public Health Service, to the second author. 

a i is now at the State University College at Buffalo. 
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Rev., 1, 1894, 461-476; A. H. Pierce, Studies in Auditory and Visual Spact 
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Two hypotheses have been considered to explain the illusion. The 
first postulates that vestibular stimulation produces a difference in 
hearing between the two ears;* the second, that it produces a change 
in the spatial frame of reference Both can be stated in general 
form. The differential-hearing-change hypothesis suggests that ves- 
tibular stimulation produces a differential change in the sensitivity 
of the two ears, which results in apparent sound displacement. The 
frame-of-reference hypothesis suggests that vestibular stimulation 
produces a change in ‘apparent straight-ahead’ and that localization 
of the sound with respect to the new apparent straight-ahead results 
in apparent displacement. 

A recent attempt to evaluate the two hypotheses by predicting 
the direction of the illusion when the source of sound is behind the 
subject or when one ear is occluded produced inconclusive results. 
The present investigation thus had two purposes. The first was to 
establish a reliable method for measuring the illusion. The second 
was to use the method to evaluate further the two hypotheses pro- 
posed to account for the illusion. 

A relevant point for the question of reliability of measurement is 
the fact that all previous quantitative studies of the audiogyral 
illusion have used abrupt deceleration from rotation to provide 
vestibular stimulation. Rapid deceleration from rotation produces 
violent stimulation of the vestibular apparatus and can have 
deleterious effects on vestibular thresholds. Rapid deceleration 
probably also distracts attention from the sound-localization task. 
Tn view of this, the experiments reported here were conducted with 
gradual acceleration and deceleration. To further increase reliabil- 
ity, only subjects trained in sound localization within this specific 


experimental situation were used. : 
hypothesis were tested in two 


Implications drawn from each _were ; 
experiments. Experiment I examined two possibilities of the differ- 
that apparent sound displace- 


ential-hearing-change hypothesis: 1 
ment is due to a change (a) in loudness threshold or (b) in latency 
of response. In either case, the sound should appear displaced in the 


ular apparatus, Arch. Ohr. Nas. 


‘Pi ; ees and van der Veer (n. 3). R 
ot Tae dog Sound localization during labyrinthian 


Amer. psychol. Assoc., 1967, 19-20. 
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direction of the more sensitive ear. The implication is that the oc- 
currence of differential hearing changes might be reflected in the 
amounts of apparent displacement reported for tones of different 
frequencies, since high-frequency tones are known to be localized 
on the basis of differences in intensity at the ears, low-frequency 
tones by comparisons of time or phase differences, and intermediate- 
frequency tones with reference to both kinds of cues.? If vestibular 
stimulation causes apparent interaural intensity differences, high- 
frequency tones might appear more displaced than low-frequency 
tones.!° If vestibular stimulation causes apparent interaural time 
or phase differences, low-frequency tones might appear more dis- 
placed than high-frequency tones.! On the other hand, if the il- 
lusion is not caused by either kind of differential hearing change, 
equal displacements should be reported for all frequencies. 
Experiment II was designed to evaluate one possible form of the 
frame-of-reference hypothesis, that the audiogyral illusion is due to 
a change in the felt position of the head occasioned by the vestib- 
ular stimulation. The felt-head-position hypothesis is related to 
the explanation proposed by Pierce, who noted that the audiogyral 
illusion was related to the reflex tendency to rotate the head after 
the chair stopped turning)? He saw the audiogyral illusion as 
analogous to the paralyzed-eye-musele illusion, in which, when 
the paralyzed eye is directed to the right but maintains its position 
with respect to some object, the object is perceived as having 
turned to the right? In the case of the audiogyral illusion, the 


relevant innervation, according to Pierce, is of the neck muscles. - 


He Suggested that “the tension in the muscles of the neck is ordi- 
narily the index of the head’s position with respect to the body, and 
the distribution of sound intensities being of a particular sort, the 
sound must be misplaced in the same direction as the tendency to 


$ W. E. Feddersen, T, T. Sandel, C. D. T Jeffress, Localization 
of high-frequency tones, J. acoust. Soc. er, 29, 1967, 088-0017 A. W. Mills, 
DEC of high-frequency tones, J. acoust. Soc. Amer., 32, 1960, 132-134; 
. W. Stewart, The function of intensity and phase in the binaural location © 
Ec T I, Intensity, Phys. Rev., 15, 1920, 425-431. 
dud phar o Newman, The localization of pure tones, Proc. nal 

10 Feddersen et al. (n. 8) ; Mills 

11 Stewart (n. 8). mn. 


1? Pierce (n. 3), 143. Actually, Pierce does not distinguish acceleration from 


rotation. The adequate stimulus for vestibular functioning is angular acceler- 
tion or deceleration rather than rotation per se. 


18 E, Mach, The Analysis of Sensation, 1959, 128. 
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rotate the head. That is, the tension of the neck muscles without 
actual movement has been interpreted by assigning a greater angle 
to the auditory object. Of course there is no conscious process of 
inference here. It is all a matter of association and immediate 
perception. But the very fact that the tendency to move the head 
is not consciously known causes the illusion, for if it were known as 
such, a correction would be introduced” (n. 3, p. 143). 

Pierce attempted to test his hypothesis by allowing the subject 
to turn his head in the direction of tension after rotation, then turn 
it back again and judge the location of the sound. This procedure, 
he assumed, would relieve the neck-muscle tension and satisfy the 
tendeney to move. He rejected the hypothesis when he found that 
such voluntary head movements did not eliminate the illusion. 
Pieree went on to attribute the audiogyral illusion to eye nys- 
tagmus, but reversed the true directions of the slow and fast nys- 
tagmie components in his explanation. 

Pierce's method for abolishing neck-muscle tension was probably 
not valid. In view of the lasting effects of abrupt deceleration, it 
seems unlikely that a single forward-and-back movement of the 
head satisfied the tendency to move (see n. 7). We must conclude 
that the hypothesis relating neck-muscle tension and the audiogyral 
illusion has not received a satisfactory test. Experiment II was di- 
rected toward testing the hypothesis; the tendency of the head to 
move in one direction was counteracted by a voluntary straining of 
the head toward the opposite direction. 


EXPERIMENT I 


Method 
Subjects. Four undergraduate students trained in auditory localization 
Served as Ss, 


l-in. rolled steel shaft. The shaft was turned by a % h.p. motor (Bodine 


NSH 54 RL) whose speed was regulated by & sp 
52P). The chair end NE in either direction. Acceleration by means of 
the speed control was found to be approximatel r 
was timed with a stopwatch. The box containing the chair motor was bolted 
to à 3 x 3 in. sheet of l-in. plywood, which in turn was bolted to the floor. 
A set of automobile seat belts restrained S in the chair. A U-shaped padded 


headrest and a biteplate holder were mounted on a shaft extending vertically 


from the back of the chair. Both the headrest and the biteplate were ad- 
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justable.* The S's head was over the center of rotation and tilted slightly 
forward so that a line from the corner of the eye to the ear canal was 
horizontal. Thus, the horizontal canals were approximately in a horizontal 
position during testing. 

Sound stimuli were provided by a Lafayette audio oscillator, a 1-in. speaker, 
and a battery-powered amplifier. The speaker, battery, and amplifier were 
mounted on a U-shaped wooden support clamped to the arms of the chair. 
The speaker was fixed 36 in. in front of S, at his waist level. Slip rings on 
the chair shaft connected the oscillator and speaker, so that E could tum 
the tones on and off at a control panel while chair was rotating. Three 
stimulus tones were used: 5,000~, 1,024~, and 500~. 

The experimental room was fairly well insulated from external sounds by a ` 
double door. No precautions were taken to prevent echoing of sounds from 
the bare walls of the room, but, as is noted below, the Ss were able to 
localize sounds during the control condition with high accuracy. During the 
experimental condition, S and the sound source were rotating within the room, 
so that S was constantly being exposed to new echoie conditions, with only 
the effect of the audiogyral illusion remaining constant. The acoustic con- 
ditions were such that when the experiments reported below were replicated 
with stimulus tones supplied through earphones, the results were very similar. 


Procedure. Auditory localization training consisted of having S judge the 
Position of a tone relative to the straight-ahead with his eyes closed, and 
then having him shown and told the sound’s actual position. Tones at each 
of the three frequencies, positioned from 40 deg. left to 40 deg. right in 
10-deg. intervals, were used. The frequency and position of the tones pre- 
sented were randomized during two one-hour training sessions. 

Following training, a series of 36 control readings (12 with each of the 
three tones) was taken with the sound presented straight ahead. These 
Presentations were embedded in a series in which the same sounds were 
presented randomly in other positions. Ss were instructed to be as accurate 
doe and although the sounds were objectively presented in 10-deg. 
: ps, judgments of their position were frequently reported in 1-deg. steps. 
Henney of performance was not communicated to S. These readings were 
taken with S immobilized in the chair, and they served as the control read- 
ng = Eus Experiments I and II, 

ach S in each experiment then underwent 72 rotations, half of them 
Pci and the other half counterclockwise, The tone of each of the three 
ar E pedes 12 times with each direction of rotation. The order of 
SM = s ced for each S. Two judgments were made during each 
celerating més the accelerating phase and the other during the de- 

14 Instead of biting onto the plate, S pla i ip against it so that 
the two prongs of the plate pressed on eat dide of the ip. This method of 


immobilizing the head was ch i í iteplate 
procedure because Ss in the preli in preference to the conventional bitep 


vated by the presence of the biteplate i s 
difficulties were reported by W. C. Hixson, J, I. Niven, and C. A. Lowery, 4 
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The testing procedure was as follows. The sound was turned on and the 
chair accelerated from 0 to 20 rpm in 10 sec. (12 deg/sec?). After a 1-sec. 
interval of steady rotation, the tone was turned off. S then judged the posi- 
tion the sound had occupied 1 sec. before being turned off. Rotation at 20 
rpm was then continued until S reported that a 1-sec. pulsed sound appeared 
to come from straight in front. This judgment, reported after about 30 sec. 
of rotation, was used to determine when the effects of acceleration had 
passed. The test tone was then turned on, and the chair decelerated from 
20 to 0 rpm in 10 sec. After a 1-sec. pause, the tone was turned off, and S 
judged the position it had occupied 1 sec. earlier. Before the next rotation, 
S sat still, with head immobile, until he reported that he no longer felt 
as if he were rotating. Three one-hour sessions on separate days were required 
to complete the experiment. 


Results 


Localization in the absence of vestibular stimulation: Control 
readings. In Table I the mean position in space that each tone was 
judged to occupy during the control readings is presented sepa- 
rately for each subject. The mean errors from objective straight- 
ahead were not significantly different from zero (t tests, p > .05), 
indicating that there was no lateral localization bias in the absence 
of vestibular stimulation. The average errors of localization were 
similar to those reported by Stevens and Newman for well-trained 
subjects (average error of 4.6 deg. for a 1,000— tone; see n. 9). 


Reduction of variability of the audiogyral illusion. It is difficult 
to compare the variability of the illusion found in the present in- 
vestigation with that found by other workers, since average or 
standard deviations have not previously been reported. One mea- 
sure which generally has been reported is the percentage of trials 
in which the illusion is not found. Pierce (n. 3, p. 141), with an 


TABLE I 


LOCALIZATION or TONES AT THE MIDLINE DURING CONTROL READINGS: 
MEAN APPARENT DISPLACEMENTS, STANDARD DEVIATIONS, 
AND AVERAGE ERRORS 


5,000~ 1,024~ 500~ 
__ ee 

Subject £z SD AE X SD AE X SD AE 
P. M. Sh ES. SL 604 50 RE MI 
F. F. BL 36 42 34R 7.4 5.0 .8R 28 .8 
J. M. ‘BR 28 .8 L7R 5.5 3.5 1.7L 5.5 3.5 
D.C. 0 23 17 SL 49 25 35RD49 $5 
Note: All measures in degrees. R (right) and L (left) show direction of ap- 


Parent, displacement. 
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unspecified sound, found no displacements on approximately 696 of 
the trials and displacements opposite to the usual direction of the 
illusion on 2196 of the trials. Clark and Graybiel (n. 2), using & 
1,024~ tone and other conditions very similar to the present experi- 
ment, but with deceleration only, reported no displacements on 
20% of the trials and opposite displacements on 976. Arnoult 
(n. 3), with a 500~ tone, reported no displacement on 15% of the 
trials and opposite displacement on 9%. In contrast, the present 
experiment found, for the 576 trials run with the three tones, no 
displacement on less than 6% of the trials and opposite displace- - 
ment only twice. 


Comparison of displacement effects for the three frequencies. 
The means and standard deviations of the apparent sound displace- 
ments reported by each subject for each tone are presented in 
Table II. The displacement for each experimental condition is in 
the direction reported by previous workers. During clockwise ac- 
celeration and deceleration from counterclockwise rotation, the 
sounds were displaced left. During counterclockwise acceleration 
and deceleration from clockwise rotation, the sounds were displaced 
right. These means were significantly different from the control 
readings beyond the .01 confidence level (t tests). Computation of 
Ha overall mean displacements irrespective of direction of labyrin- 
thian stimulation yielded the values 500~, 15.0 deg.; 1,024~, 15.0 
deg.; 5,000~, 16.0 deg. 

The results of a three-way analysis of variance testing the effects 
of direction of rotation (clockwise or counterclockwise), stage of 
rotation (acceleration or deceleration), and frequency of the sound 
stimulus are summarized in Table III. The variances were homo- 
geneous as determined by Bartlett’s test.!5 The only significant 
source of variance in Table III is the interaction between direction 
and stage of rotation, which represents the basic audiogyral illusion. 
The lack of significance of the main effects indicates that equiv 
alent illusory effects were obtained with clockwise and counter: 
clockwise rotation, and with acceleration and deceleration. of 


16 Since apparent displacements of the sound to the right were assigned § 


out. As indicated above, all mean displacem i i imulati: 

ox x ents during vestibular stimula” 
were significantly different from control. Because of Geb value conventi 
high F ratios occur only when + and — values are summed separately in 
interaction terms. 


APPARENT SOUND DISPLACEMENT 


1 à 
Qe 
k aT 
i a 
14 HEES 
3 " 
a 1 kia 
E i 8" 
E 
DRUHE 
E as 
HEBHHE: 
EE 
Ba 8|i| se 
aj: ||| as 
I 
a 13|7|.| 2] $ 
a "(i 
8 EZ i =< 
& "E À 
>E E 4 
=g ae 
2a < av 
b 
ug i a 
2 d 35 
E [- 
ARES 
MENDES 
5 $ ss 
z 
o 
: AE Za 
ane 
$l 
*-ize f 
Rx E 


- ml 
on ne 
oa vo 

s 
= = 
ae co 
or om 

S 
= e 
he an 
LIE ee 
- - 
— ~ 
an qa 
o oco 

- 
a a 
on ae 
oo + 
ee 3 
[i z 
snien 
o~ ce 
Ld — 
[i = 
me c 
seo ga 
== - 
ee ct 
ow ao 

g 
-— a 
=a "e 
LE bol 
- - 
(i e 
en he 
g@ ow 
a [- 
on Me 
a 00 =e 
- - 
a d 
ae we 
no eo 


Note: All measures in degrees. R (right) and L (left) show direction of apparent displacement. 
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TABLE III 


ANALYSIS OF VARIANCE: EXPERIMENT Í 


Source df MS F 
Direction (A) 1 22.8 
Stage (B) 1 13.8 
Frequency (C) 2 4.8 
AXB 1 11,190.5 179.9* 
BXC 2 2.2 
AXC 2 11.8 
AXBXC 2 3.2 
Within cells 36 62.2 
*»« OL 


more immediate theoretical importance is the finding that an 
equivalent audiogyral illusion was obtained for high-, low-, and 
intermediate-frequency tones—a finding that supports neither 
mechanism suggested by the differential-hearing-change hypothesis. 


EXPERIMENT II 


The pattern of results obtained in Experiment I is congruent 
with Pierce’s explanation that the audiogyral illusion is due to 8 
reflex tendency to rotate the head during vestibular stimulation. 
In Experiment II an attempt was made to counteract the effects of 
this tendency by having the subject strain his head in the direction 
opposite to the reflex. It was hypothesized that counteracting the 
tendency to move the head would reduce the illusion and that the 
reduction would be equivalent for all three tones. 


Method 


Each S was instructed to strain his head toward the right during clockwise 
acceleration and deceleration from counterclockwise rotation, and toward the 
left during counterclockwise acceleration and deceleration from clockwise 
rotation. These directions of strain counteract the direction of reflex head 
more during the various conditions of vestibular stimulation. ‘Head 
strain’ consisted of having S try to rotate his immobilized head toward one 
side when the stimulus tone was on. He was to relax when the stimulus tone 


11 E. Buys, Contribution à l'étude du i la rotation chez 

10-33, 106130; wo 1924-25, 04-089, 721-049; 3, 193425 

» ; A. Landau, Ueber H im älteren 
Saiigling, Klin. Wschr, 2, 1923, € tonischen Lagereflex beim 
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went off and then to judge the tone's terminal position. The headrest and 
biteplate held the head firmly, so that actual rotation of the head did not 
occur. 

With the exception of having S strain his head during vestibular stimula- 
tion, the conditions of stimulation, the procedures, and the design were 
identical to those of Experiment I. The same four students served as Ss. A 
period of at least one day intervened between the last session of Experiment 
I and the first session of Experiment II. 


Results 


The means and standard deviations of sound displacement re- 
ported by each subject for each tone are presented in Table IV. 
Comparison of these results with those of Experiment I indicates 
that the magnitude of the audiogyral illusion was substantially 
reduced with the introduction of contrary head strain; the data 
showing the magnitude by which the illusion was reduced over all 
experimental conditions for each S is presented in Table V. 

When the results of Experiments I and II were combined, the 
variances were homogeneous, as determined by Bartlett’s test. (n. 
15). A four-way analysis of variance was used to analyze the com- 
bined results of Experiments I and II, examining the effects of ex- 
perimental treatments (presence or absence of head strain), direction 
of rotation, stage of rotation, and frequency of stimulus tone. The 
F ratios for the main effects were not statistically significant. This 
indicates that in both experiments (with and without head strain 
during rotation), displacements to the right were equivalent in size 
to displacements to the left (see n. 16). Statistical evaluation of the 
effect of head strain is derived when direction and stage of rotation 
are held constant, that is, in the interaction of treatment, direction, 
and stage. This interaction term was highly significant (F = 61.6, 
df 1, 95): the apparent displacements reported in Experiment II 
(with head strain) were significantly smaller than those reported 
in Experiment I (without head strain). All other F ratios were 
nonsignificant, except the interaction of direction and stage, which 
represents the basic audiogyral illusion and which was highly sig- 
nificant (F = 2224, df 1, 95). We conclude that when à change in 
àpparent head position counteracts the normal apparent displace- 
ment of the head during vestibular stimulation, the extent of the 
audiogyral illusion is significantly diminished. 


Sin j nts for Experiment II were made after Ex- 
iri stion of & simple order or habit- 


periment I was performed, the que ee, 
uation effect had to be raised. Analysis of the data within each 


TABLE IV 
VESTIBULAR STIMULATION AND CONTRARY HEAD STRAIN DURING 


DISPLACEMENTS AND STANDARD DEVIATIONS 


Experiment II: MEAN APPARENT 


LOCALIZATION OF TONES AT THE MIDLINE UNDER 


500~ 


1,024~ 


5,000~ 


Counterclockwise 
Accel. 


Clockwise 


Accel. 


Counterclockwise 
Accel. 


Clockwise 


Decel. Decel. Decel. Decel. Accel. Decel. 


Accel. 
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TABLE V 


MEAN APPARENT DISPLACEMENTS UNDER VESTIBULAR STIMULATION 
3 WITH AND WITHOUT CONTRARY Heap STRAIN 


———————————————————————————————7 


Without head strain: With head strain: 
Subject Experiment I Experiment II 
P. M. 11.56 .97 
F. F. 25.31 5.32 
J. M. 11.85 1.91 
D. C. 12.65 10.30 


————————— 


Note: All measures in degrees. 


experiment indicated no habituation effect over the successive days 
of testing. 


DISCUSSION 


Experiment I showed that the magnitude of the audiogyral il- 
lusion was unaffected by sound frequency. This result does not 
support the differential-hearing-change hypothesis but is congru- 
ent with the frame-of-reference hypothesis. Experiment II tested 
one specific formulation of the frame-of-reference hypothesis, the 
formulation which suggests that neck-muscle tension accounts for 
the audiogyral illusion. This result demonstrated that voluntary 
head strain significantly influenced the magnitude of the audiogyral 
illusion. We propose that both sets of results were due to changes in 
the felt position of the head induced by vestibular stimulation and 
voluntary head strain. There are two parts to the argument. The 
first has to do with the relationship between the felt position of the 
head and sound localization; the second, with the relationship be- 
tween head strain and the felt position of the head. Vi 

In the first place, it is evident that egocentric sound localization 
must depend not only on differential sound cues at the ears but also 
on information regarding the position of the head relative to the 
body. If the head feels as though it has turned from the body mid- 
line, then sound is localized with respect to the new apparent 
head position. A sound directly in front of the head appears 
turned from the midline by whatever angle the head feels turned. 

In the second place, lateral head strain induced either reflexly, 
through vestibular stimulation, or voluntarily, by turning the head 
against an immovable restraint, induces a change in the felt posi- 
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tion of the head. In both instances the head feels turned in the di- 
rection of strain even though it is objectively straight ahead. The 
results of Experiment II are interpreted as a demonstration that 
reflexly induced neck-muscle tension can be counteracted by volun- 
tarily straining the head in the opposite direction. We propose that 
the counteraction of the reflex tendency to move reduces the extent 
to which the head feels turned and consequently reduces the mag- 
nitude of the audiogyral illusion. 


A TEST OF A PERSPECTIVE THEORY 
OF GEOMETRICAL ILLUSIONS 


Dominic W. Massaro and Norman H. ANDERSON, 
University of California, San Diego 


Abstract. Three-dimensional Müller-Lyer figures were used in three experi- 
ments to test a perspective theory of geometrical illusions. The real depth cues 
were in one of two orientations, designed either to support or to oppose the 
action of the perspective depth cues hypothesized by the perspective theory. 
Tf any illusion is obtained with these three-dimensional figures, the theory 
implies, its magnitude should be different in the two orientations. In fact, a 
substantial illusion was obtained, but the difference between the two orienta- 
tions was small and opposite to the prediction of perspective theory. 


Perspective explanations of geometrical illusions have a long 
history,! but only recently has this approach received the con- 
ceptual clarification needed to open it to experimental analysis. 
Gregory’s formulation of perspective theory rests on two main 
assumptions. First, geometrical-illusion figures such as the Miiller- 
Lyer ones in Figure lab are considered two-dimensional pro- 
jections of three-dimensional figures; thus, they contain perspective 
cues for depth. Second, these cues are assumed to trigger a con- 
Stancy-scaling mechanism that corrects for decrease in the retinal 
image with increasing distance. Those parts of the figure that would 
be more distant in the three-dimensional representation are en- 
larged and those that would be closer are diminished, in accord 
With size constancy. 

This version of perspective theory has been applied especially to 
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the planar Miiller-Lyer figures in Figure lab. As Gregory notes, 
these can be seen as two-dimensional projections of different objects 
depending on the direction of the wings. Figure la could be the 
projection of the near vertical corner of a building or of a box. The 
wings represent the lines of the top and bottom of the object re- 
ceding into the distance. Size constancy, corresponding to the ad- 
justment in apparent size that keeps the object parallelepipedal, 
would decrease the length of the main axis of the figure. In Figure 
1b, which could represent the projection of the far corner of a room, 
the constancy scaling would analogously expand the apparent size 
of the main axis. 


a b 4G d e f 4 
|: g - E 


Fio. 1. (a) and (b) Typical two-dimensional Müller-Lyer figures; (c) three- 
dimensional figure with the wings oriented away from the observer, (d) wing 
oriented toward the observer; (e) stick figure with the wings oriented away 
from the observer, and (f) wings oriented toward the observer 


Gregory's formulation has provoked numerous criticisms, most of 
which attempt to show that perspective theory does not account 
for certain illusions, such as the dumbbell version of the Müller- 
Lyer figure. However, perspective cues could still be operative in 
some illusions, even though additional factors might also be in- 
volved. Perspective theory may thus have a valid role in the e 
planation of illusions, and the present experiments attempted to 


3 Gregory, Seeing in depth (n. 2). 


4R. H. Day, Inappropriate constan i f tial distortions, 
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a direct test of it by varying the depth cues of three-dimensional 
Miiller-Lyer figures as is illustrated in Figure 1. The question of 
interest is how the real depth of the wings affects the normal il- 
lusion. For example, one critical comparison is between Figure le 
and 1d. These are geometrically identical, except that the wings 
extend away from the observer in Figure 1c, toward the observer in 
Figure 1d. 

Oddly enough, the most direct interpretation of perspective theory 
predicts no illusion for three-dimensional Miiller-Lyer figures. Since 
they are easily seen in correct depth perspective, the hypothesized 
constancy-sealing mechanism should not be triggered inappropri- 
ately, and hence there should be no illusion. But this is wrong, as 
can perhaps be seen by comparing Figure le and 1f, as demon- 
strated below, and as reported earlier by Lucas and Fisher for a 
three-dimensional Poggendorff illusion.5 It is necessary, therefore, 
to search for the perspective cues that must exist if perspective 
theory is to account for the illusion in the three-dimensional figures. 

One possible application of perspective theory would attribute 
the illusion to inappropriate constancy scaling triggered by the 
three-dimensional form. Thus, Figure 1c represents the corner of a 
building no less than Figure 1a. Similarly, Figure 1d represents the 
corner of a room no less than Figure 1b. Direct transposition of the 
two-dimensional theory would then predict that the central axis 
should appear shorter in Figure le than in Figure 1d. Indeed, this 
interpretation would require that Figure le appear shorter than 
even the control version of Figure 1d with 90-deg. wings. As 
Figure 1 suggests, and as will be seen below, this is not true. 

There seems to be only one remaining possibility, namely, that 
the illusion is produced by certain depth cues of the two-dimensional 
Projections of the figures. The retinal image itself is two-dimensional, 
80 the correct perception, or real depth, must be constructed from 
the available depth cues. These include the usual cues to real depth, 
such as convergence, stereopsis, interposition, and so forth. And, if 
Perspective theory is correct, they also include the perspective 
features of the two-dimensional retinal image that are assumed to 
Produce constancy scaling. 

There are, then, two sets of depth cues, one ‘real’ and one hypoth- 
esized by perspective theory. These two sets of cues can act in con- 
cert or in opposition. If the real depth cues oppose the perspective 


5A. Lucas and G. H. Fisher, Illusions in concrete situations: II, Experi- 
mental studies of the Poggendorff illusion, Ergonomics, 12, 1969, 395-402. 


570 MASSARO AND ANDERSON 


cues, then the illusion should be less than if they act in concert. 
Accordingly, the figures shown in Figure led provide a critical test. 
In Figure 1e, the wings slope away from the observer, and, there- 
fore, the depth cues of the two dimensional projections disagree 
with the actual depth; in Figure 1d, they agree. Since the percep- 
tion of depth is dependent upon all available cues, perspective 
theory predicts a larger illusion for Figure 1d than 1c. But if per- 
spective theory is wrong, both figures should give essentially the 
same effect. It is on this logic that the experiments were designed. 


METHOD 


Stimuli for Experiments I and II. Examples of the stimuli are shown in 
Figure led. They were constructed from stiff off-white cardboard, first cut to 
an areal version of the Miiller-Lyer figure, and then folded along the central 
axis so that the two sides met at right angles. The width of the side was 32 
mm. in all figures. 

_ Twenty figures were used, in a 2 X 2 X 5 design. There were two orienta- 
tions, away from or toward the S, as in Figures 1c and 1d respectively. Two 
lengths of central axis were used, 127 and 152 mm. And the edge of the side, 
or wing, met the central axis at one of five angles: 45, 60, 90, 120, and 135 deg. 
The angles shown in Figure led are both at 135 deg. 

These figures were mounted in wooden holders 25 cm. long, with the 5 X 3 
cm. cross section shaped at one end to a 90-deg. angle to accommodate the 
figures. These holders rested on a table at eye level about 100 cm. from the 
S, with the figures projecting 10 em. beyond the edge of the table. Two lamps 
ie used in addition to the overhead fluorescent to provide uniform illumi- 
n On the figures. The E sat at the side of the table, presenting the 
stimuli and recording the responses, The Ss were instructed to judge the 8P- 
parent length of the central axis, and two practice trials were given. 


Procedures for Experiments I and II. In Experiment I, the figures were 
— in a horizontal position. The S made his response by adjusting the 
em Ea a motorized white tape displayed horizontally on a black panel about 
8. ^ad el ow and 10 cm. to the side of the stimulus figure. Two groups of 8 
2 from introductory courses were used. Each S judged the 10 figures with one 
Mie bi bre axis, These 10 figures were judged 10 times in successive 

In E each block given in a different random order for each S. 2 P 

In Experiment II, the figures were presented in a vertical position, a8 1 
Figure 1. The 16 Ss judged all 20 figures, 5 times each in separately randomize 
order in five successive blocks. The response was made by marking off on # 


205-mm. black vertical line beginning 11 mm. below the top edge of 2 sheet 
of white paper. 


Stimuli for Experiment III. This experiment used black stick figures, 150 
mm. long and 3 mm. thick, with 50-mm. wings. The wings were displaced ? 
mm. in from the ends of the central axis to avoid any possible doubt about 
the location of the ends of the central axis. The figures were presented verti- 
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cally on a knitting needle 7 cm. from a white background wall, about 110 cm. 
from the S. 

The 5 three-dimensional stimuli were construeted so that they could fit in 
the corner of a room, the central axis in the vertical and the wings flat on 
the two walls. The wings had angles of 30, 60, 90, 120, and 150 deg. with the 
central axis. Figure lef shows the 60-deg. angle oriented away from, and the 
120-deg. angle oriented toward, the camera. Two two-dimensional stick figures, 
analogous to those in Figure lab, and a control without wings, were also used. 

Procedure for Experiment III. The general procedure was similar to that 
of Experiment II, and Ss made their response by marking a line on a response 
sheet in the same way. The 5 three-dimensional figures were presented in both 
orientations, so there were 13 possible stimuli altogether. These were presented 
5 times each in successive blocks. The Ss were 20 students from an introduc- 
tory course. : 

Statistical analysis. Complete three-way or four-way analysis of variance 
was applied to the data of each experiment, including trial blocks as a factor. 
The main results are obvious in the graphs, and only those that require special 
mention are specifically discussed. 


RESULTS 


Experiments I and II. The mean judgments in Experiments I 
and II are shown in the left and right panels of Figure 2. The up- 
ward trend of the curves shows that the apparent length of the 
constant central axis was markedly influenced by wing angle. Thus, 
the Miiller-Lyer illusion was obtained with these three-dimensional 
figures, 
Since the illusion did occur, the critical test of perspective theory 
is given by the comparison between the open and closed circles in 
each panel. If perspective theory is correct, the open circles, which 
correspond to the corner of a building or a box, should lie below the 
closed circles. Exactly the opposite was seen in both experiments. 
The mean difference between the inward and outward orientations 
was .64 mm. in Experiment I, and 1.64 mm. in Experiment II. The 
former difference was not significant [F (1, 14) = 3.22], but the 
latter was [F (1, 15) = 21.71]. Both experiments, therefore, con- 


tradict perspective theory. 


Experiment III. Although the first two experiments argue against 
Perspective theory, no cause was seen for the opposite effect, ob- 
tained in Experiment II. The slight difference in retinal angle of 
the total figure would actually favor perspective theory. This was 
small, but it was feared that it might reflect some peculiarity of 


the cardboard figures. If such an effect existed, it might mask a 
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O Corner of Building 
e Corner of Room 


MEAN JUDGED LENGTH (mm) 


45 60 90 120135 45 60 90 120 135 
WING ANGLE (degrees) 


Fig. 2, Mean judged length as a function of the wing angle and the real 
depth perspective of the figures used in Experiments I and II 


real perspective effect. Accordingly, stick figures were used to 
eliminate any possible perceptual ambiguity about the endpoints 
of the central axis. 

Figure 3 shows the mean judgments of the three-dimensional 
stick figures. The upward slope of the curve demonstrates that these 
stick figures also produced the illusion. In the critieal comparison, 
however, the mean difference between the inward and outward - 
orientation was only .17 mm., which did not approach significance. 
Thus, these data also contradict perspective theory. 


Miscellaneous results, A few minor results from the analyses 
should also be reported. In Experiment I, there was a significant in- 
crease over trials in mean response, from 132.5 mm. in the first 
trial block to 139.6 mm. in the last trial block. This increase may - 
have been caused by the response mechanism, which was some- 
what inconvenient to control. At any rate, no such increase was 
obtained in the other two experiments, in which the line-marking 
response was employed. 

In Experiment III, the two-dimensional stick figures also showed — 
the illusion, the mean judgments being 128.7 and 135.7 mm. for 


PERSPECTIVE THEORY 573 


the inward and outward wings. In comparison, the mean judgment 
for the wingless control stick was 130.8 mm. These data show an 
asymmetry similar to the nonlinearity in Figure 3. Possibly, this 
reflects a contrast effect, as mentioned by Müller-Lyer.* 

Experiment I showed a significant decrement in the magnitude of 
the illusion over trials. This result agrees with the practice dec- 
rement reported for two-dimensional figures. The illusion still 
persisted at the last trial block, however, and no decrement was 
found in Experiment II. Experiment III showed a small, but 
nonsignificant, decrement in the illusion for both the two- and 
three-dimensional stick figures. 


DISCUSSION 


The present three-dimensional Müller-Lyer figures appear to pro- 
vide a critical test of Gregory’s perspective theory of geometrical 
illusions (n. 2). If this theory is to account for the illusion obtained 
with three-dimensional figures, it presumably must invoke the same 
set of depth cues assumed to operate in the two-dimensional figures. 


© Corner of Building 
| © Corner of Room 


140 


MEAN JUDGED LENGTH (mm) 
E] 
Me 
> 


120 150 


60 90 
WING ANGLE (degrees) 


Fig. 3. Mean judged length as a function of the wing angle and the real 
depth perspective of the figures used in Experiment pu 


DE C. Müller-Lyer, Ueber Kontrast und Konfluxion (Zweiter Artikel), 
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TW, Kehoe ocd RE The destruction of the Miiller-Lyer illusion x 
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207-281; R. H. Day, The effects of repeated trials and prolonged roce 
error in the Miiller-Lyer figure, Psychol. Monogr. 76, 1962, No. 14 (Whole 
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These cues are hypothesized to produce a constancy correction for 
implied distance that expands or contracts the apparent length of 
the central axis. 

But three-dimensional figures also contain a second set of depth 
cues, cues that produce the perception of their real depth. The 
critical comparison is, then, between the same figure in its outward 
and inward orientations, as illustrated in Figure 1c and ld re- 
spectively. In the outward orientation, the two sets of depth cues 
disagree; in the inward orientation, they agree. Perspective theory 
then implies that the size of the illusion should be less in the former 
ease than in the latter. It should be noted that this is a direct test 
of the perspective/constancy-scaling hypothesis. Other factors might 
play a role, but if perspective has any effect at all, then it should 
have appeared in the relevant comparison. Contrary to perspective 
theory, no such effect was obtained. 

Perspective theory can hardly argue that the hypothesized con- 
staney scaling does not apply to the three-dimensional figure, for 
then the theory cannot account for the strong illusion that these 
figures give. A new explanatory principle would then be required, 
one that presumably would explain the two-dimensional illusion 
at the same time. The only theoretical alternative, then, would be 
to argue that the perception of length is completely independent 
of the perception of real depth. This would be sufficiently remark- 
able that it may merit some consideration. However, it is not con- 
sistent with the idea that the object has a unitary perception. 

Strictly speaking, the present test applies only to Gregory's per- 
spective/constancy-scaling interpretation of the Müller-Lyer illu- 
sion. However, it would seem that the same logic would apply to 
the general perspective hypothesis of this illusion, regardless of the 
mechanism of its operation. How far these results may generalize 
to other illusions is uncertain. Our observations do indicate a Con- 
stancy-scaling effect in the Necker cube, and Jeffrey has repo 
analogous effects in other reversible figures. On the other h 
Fisher has reported no effect when subjects assume different pe 
spective orientations of the ordinary Müller-Lyer figure? For the | 
standard illusion, therefore, it may be most profitable to seek the 
explanation elsewhere. 1 


8H. J. Jeffrey, An inquiry into i i aling, Quart. ^O 
exp. Psychol., 20, 1988, — ee * E. 
, * G. H. Fisher, An experimental and theoretical appraisal of the inappropriate | 
size-depth theories of illusions, Brit. J. Psychol., 59, 1968, 373-383. | 
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There is another approach to the illusions that has nearly as long 
a history as perspective theory. These are the ‘total impression’ 
theories that emphasize judgmental processes rather than sensory- 
perceptual factors.° Gregory has criticized the total-impression 
theories as being nontheories, ‘incapable of definite prediction.™ 
More recently, however, two mathematical formulations of this type 
have been suggested. Restle and Merryman have applied adapta- 
tion-level theory to the analysis of certain illusions.” Anderson 
has given a development based on integration theory and functional 
measurement. Both these formulations make quantitative predic- 
tions that have enjoyed some provisional success. 


10 Woodworth (n. 1), 645. 

Gregory (n. 1), 142-143. 

12 F, Restle and C. T. Merryman, An adaptation-level theory account of a 
relative-size illusion, Psychon. Sci., 12, 1968, 229-230. £ SERE 

18N. H. Anderson, Averaging model applied to the size-weight illusion, 
Percept. & Psychophys., 1970 (in press). 


A VISUAL SPATIAL AFTEREFFECT 
OF SURFACE SLANT 


Perer M. WennerorH, University of Sydney, Australia 


Abstract. The long (binocular) inducing period required by Bergman and 
Gibson to generate a measurable slant aftereffect was not necessary for a high- 
contrast surface. The aftereffect for the black-on-white lattice pattern dissi- 
pated exponentially. The complex surface, however, produced concomitant 
interfering effects, possibly decreasing the precision of aftereffect measures, A 
simpler surface, of vertical contours, sufficed for relatively accurate binocular 
(but not monocular) adjustments to the vertical. This pattern also produced 
interfering effects, possibly accounting for the correlation of aftereffect variance 
with inducing-figure slant. The five studies suggest using a single vertical con- 
tour as both inducing and test figures to study a hypothesized relationship 
between tilt aftereffect and slant aftereffect. 


ON 1L &——R 


A sensory spatial aftereffect occurs when the judgment of some 
spatial property of a test stimulus is modified as a result of pro- 
longed stimulation by an inducing stimulus. The aftereffect is a8 
sumed to be a simple additive component and is defined as the 
algebraic difference between a prestimulation judgment (pretest) 
and a poststimulation judgment of the test stimulus (posttest)? 

Spatial aftereffects in the third dimension of visual space were 
first demonstrated by Köhler and Emery? They reported, for eX 
ample, that a frontal-parallel cardboard strip was judged to be 
slanted in one direction following fixation of a similar strip slante® 
in the opposite direction. Later, Bergman and Gibson reported the 
occurrence of a slant aftereffect induced by an irregularly textured 
burlap surface with its edges obscured from view.? The mean after- 


Received for publication by Professor E. B. Newman, August, 1907. The 1 
Search was part of a thesis awarded the M.A. at the "University of Sydney 
1968. The author wishes to thank Professor R. H. Day for his assistance 
throughout the project. veld 
, +J. J. Gibson, Adaptation after-effect and contrast in the perception of cunt 
lines, J. exp. Psychol., 16, 1933, 1-31; W. Köhler and H. Wallach, Figural after- 
effects: An investigation of visual processes, Proc. Amer. phil. Soc. 96, 1 
269-357. Later investigations have usually not departed from this convention. 

? W. Kühler and D. A. Emery, Figural after-effects in the third dimensi 
of visual space, this JourNat, 60, 1947, 159-201. 
_ * R. Bergman and J. J. Gibson, The negative after-effect of a surface slante 
in the third dimension, this JounNAL, 72, 1959, 364-374. 
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effects induced by slants of 15, 30, and 45 deg. were 2.65, 2.85, and 
2.75 deg. respectively, with variances of 1.81, 4.03, and 2.11.4 The 
purpose of the studies reported below was to investigate more 
extensively aftereffects of the type reported by Bergman and Gib- 
son. 

Gibson initially outlined a principle of ‘normalization’ to account 
for two-dimensional ‘negative’ aftereffects. Köhler claimed that both 
the effects described by Gibson and the ‘figural’ aftereffects re- 
ported by Kóhler and Wallach could be explained by a cortical- 
satiation hypothesis Köhler and Emery extended this claim to 
aftereffects in the third dimension (n. 2). Bergman and Gibson 
argued that their slant aftereffect could not be explained by the 
satiation hypothesis, since the effect was induced by texture gradi- 
ents without visible contours (n. 3; see p. 367). However, where 
there is discriminable texture there must be discriminable contour. 
Hence, this argument for the use of an irregularly textured, low- 
contrast surface is irrelevant. 

There are at least two reasons for preferring to use & high- 
contrast, regularly textured surface. First, it would be expected 
that a measurable aftereffect could be induced with a stimulation 
period much less than the 4-min. minimum which Bergman and 
Gibson reported (n. 3; see p. 368). Second, regular surfaces allow 
more accurate judgments of slant. Both factors would be expected 
to reduce aftereffect variance, the first by reducing the subject’s 


4 Bergman and Gibson reported the sum of a pair of aftereffect measures for 
each subject. The above recalculations are based on means. 

* J. J. Gibson, Adaptation with negative after-effect, Psychol. Rev., 44, 1937, 
222-944; J. J. Gibson and Minnie Radner, Adaptation, after-effect, and con- 
trast in the perception of tilted lines: I, Quantitative studies, J. exp. Psychol, 
20, 1937, 453-467; J. J. Gibson, Adaptation, after-effect, and contrast in the 
aen of tilted lines: II, Simultaneous contrast and areal restriction of the 

ter-effect, J. exp. Psychol., 20, 1937, 552-569. 

* W. Kohler, Unsolved problems in the field of figural after-effects, Psychol. 
Rec., 15, 1965, 63-83; Köhler and Wallach (n. 1). —À 

* P. M. Wenderoth, The negative after-effect in the third dimension and the 
distance effect, unpublished B.A. thesis, University of Sydney, 1963. I. P. 
Howard and W. B. Templeton, The effect of steady fixation on the judgment 
of relative depth, Quarterly J. ezp. Psychol., 16, 1964, 193-203. 

* J. J. Gibson, The perception of visual surfaces, this JOURNAL, 63, 1950, 367- 
384; W. C. Clark, A. H. Smith, and A. Rabe, The interaction of surface texture, 
Outline of gradient, and ground in the perception of slant, Canad. J. Psychol., 
10, 1956, 77-81; H. R. Flock and A. Moscatelli, Variables of surface texture 
and accuracy of space perceptions, Percept. mot. Skills, 19, 1964, 327-334; A. 
L. Kraft and W. A. Winnick, The effect of pattern and texture gradient on 
slant and shape judgments, Percept. & Psychophys., 2, 1967, 141-148, 


578 WENDEROTH 


fatigue during and after stimulation, and the second by resulting in 
less variable adjustments to the vertical. These considerations are 
important because the stimulus surface used by Bergman and Gibson 
induced small effects with relatively large variances. Hence, their 
tests of mean differences lacked power? 


EXPERIMENT I 


The aim of Experiment I was to establish whether a measurable 
slant aftereffect occurred following a 2-min. fixation of a black-on- 
white lattice pattern. 


Method 


Apparatus. The apparatus was essentially the same as that used by Berg- 
man and Gibson (n. 3), except for the stimulus surface. A black lattice pattern 
was drawn with india ink on a sheet of white pasteboard. All lines were 4 mm. 
wide with 20-mm. interspaces. A horizontal white fixation line, 4 mm, long 
and 1 mm. wide, was drawn at the intersection of a vertical and horizontal 
contour at the axis of rotation. 

The S viewed the surface through circular viewing tubes (inside diameter 


i in.) inserted in a large screen. Viewing distance was 36.5 in. and the S's _ 


visual angle was approximately 17 deg. The stimulus surface was mounted on 
a board pivoted on its central horizontal axis. A chain-and-sprocket drive 
connected the board to a small wheel at S's right hand. Æ changed the slant 
of the surface by moving the board itself, A protractor at one of the axis sup- 
ports could be read to 5 deg. Two 20-w. fluorescent tubes provided nonuniform 
but constant illumination irrespective of changes in slant. These Were 
mounted on the slanting board, not visible to S. A manually operated shutter 
occluded the surface between trials and during E's resettings of the surface. 
Gross head movements were eliminated by an adjustable chinrest. 


Beds The Ss were 13 students from an introductory course in psY* 
ology and 3 graduate students, 10 men and 6 women in all, Three other 8s 
were rejected (see Procedure). 


Procedure. A preliminary study had shown that practice trials, without 
pes of results, significantly reduced the posttest adjustment time. Each 
herefore made 20 practice adjustments to the vertical from six starting 
positions, which were randomly assigned with the restriction that —2, -1, th 
and +2 deg. each occurred four times, and —5 and +5 deg. each occu! 


? With a = 8 = 05 as Type I and Type II ivel ented 
error rates respectively, TeP' 
tw easures on N = 6 (subjects) allows detection of a true difference betwee 
wo means of 185r (W. C. Guenther, Concepts of Statistical Inference, 1999 
154). The smallest variance obtained by Bergman and Gibson gives an. 97 
mate of ¢ of 141 (W. J. Dixon and F. J. Massey, Introduction to Statistical 
Analysis, 1957, 76). Hence the estimated minimum detectable true differen? 
between a pair of means is 2.61 deg. 
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twice? During the test itself, each S was stimulated and tested twice, with a 
2-min. inducing period and a 5-min. interval from end of stimulation on Trial 
1 to the onset of the pretest on Trial 2. Half of the Ss were stimulated with 
+30 deg. slant on Trial 1 and —30 deg. on Trial 2. The other eight Ss were 
given the reverse order. On each trial there was a single pretest and a single 
posttest. 

Starting positions were —2, —1, +1, and 4-2 deg. Pretest and posttest start- 
ing positions were the same on any trial, but each S had a ‘positive’ starting 
position on one trial and a ‘negative’ starting position on the other. Each of the 
eight possible starting-position combinations was allocated to two of the Ss. 
Of the two Ss with the same starting-position combination, one was stimulated 
with +30 deg. first, the other with —30 deg. first. 

Each S was instructed to fixate the central white line continuously during 
adjustment and stimulation, and to adjust the screen until it was physically 
vertical. He was told that the surface would never be vertical when first pre- 
sented. Bracketing was partially controlled by instruction; S was instructed 
to ‘overshoot? at least once and not more than once in each direction. 

One disadvantage of using a regularly contoured surface is the occurrence 
of the “wallpaper” phenomenon, or Tapetenbilden.? Diplopia occurs but is 
not reported in the absence of a fixation point, since the amount of under- or 
overconvergence is such that immediately adjacent contours exactly overlap. 
The Ss were instructed to report immediately whenever two fixation lines were 
visible. Three Ss who reported the effect continuously during practice and 
stimulation were rejected. In other cases, the effect was of brief duration and 
could often be removed by the introduction of a moving stimulus (e.g., & pen- 
cil) into S's field of vision. 


Measure of aftereffect. Aftereffect was determined by the correction 
method.18 When the inducing stimulus is slanted equally in opposite directions 
on a consecutive pair of trials (balanced trials), incomplete dissipation of 
aftereffect induced on Trial 1 may affect the pretest of Trial 2. Such a carry- 
over effect would spuriously inflate the second aftereffect measure. Let the 
two directions of inducing slant be labeled + and —. If the pretests and post- 
tests on these trials are respectively labeled A and B (for the + trial) and C 
and D (for the — trial), then [(B — 4) + (C — D)1/2 = (B — D) + (C zi 
A)1/2 is a common measure of the mean aftereffect If there is no systematic 


1? J, Le Comte, On some phenomena of binocular vision: Some peculiarities 
of the phantom images formed by binocular combination of regular figures, 
Amer. J. Sci, 3d ser., 34, 1887, 97-107; H. J. Engel and M. H. Fischer, Opto- 
kinetic space perception: À new principle, Pflug. Arch. f.d.g. Physiol, 233, 
1950, 127-146; J, Beloff, The stripe paradox, Brit. J. Psychol., 52, 1961, 323-331 ; 
pea Convergence as a cue to perceived distance, Scand. J. Psychol., 6, 1965, 

116. 1 

15 P, M, Wenderoth, A definition of after-effect to be used in the case of 
paired, balanced trials, paper read at the Sixth Canberra Symposium on Per- 
ception, Canberra, 1964; Bergman and Gibson (n. 3), 368. 3 i 

“Eg, G. Singer and R. H. Day, Temporal determinants of a kinesthetic 


after-effect, J. exp. Psychol., 69, 1965, 343-348. 
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carryover effect, then C and A may be regarded as estimates of S's ‘true’ 
judged vertical. Hence, the expected value of (C — A)/2 is zero and [(B — 
D) + (C — A)1/2 = (B — D)/2. The correction method defines the after- 
effect as (B — D)/2. In the absence of a carryover effect, the correction 
method and the more common (noncorrection) method give the same result. 
If the significant carryover effect occurs, then I(B — D) + (C — 02» 
(B — D)/2. 


Results 


The mean aftereffect was 3.58 deg., with variance of 2.84, The 
effect was significant (t = 8.23; £o» = 2.947). Mean time between 
the end of stimulation and the end of the posttest was 10.7 see., with 
variance of 4.1. This mean time included an average 3.8 sec. for 
the experimenter to reset the stimulus. 

A pilot study had shown that the starting position had a sig- 
nificant effect on pretests when starting-position slants were 88 
large as + 5 deg. This suggested that the slant should be reduced 
so that regression effects would be small relative to the size of the 
aftereffect. However, the effect of starting-position slant in the ex- 
perimental pretests was not significant (F = 1.84; Fos = 2.82). 


Discussion 


The results confirmed the prediction that a significant aftereffect 
could be induced by a 2-min. fixation of a high-contrast, regularly 
textured stimulus surface. The obtained mean was larger than those 
reported by Bergman and Gibson, though the variance was also 
relatively large. 

` Despite the 5-min. intertrial interval, there appeared to be 8 
significant carryover from Trial 1 to Trial 2. The mean first met 
sure was 5.25 deg. and the mean second measure was 3.47 deg. z(C- 


A)/2n was 33 deg, with variance of 1.34. This was significant 
(t = 2.73; tos = 2.13). 


EXPERIMENT II 


The aim of this experiment was to examine the dissipation of the 
slant aftereffect by measuring the effect at various intervals after the 
end of stimulation. It has been claimed, in the case of other spati 
aftereffects, that the dissipation function is exponential. An ex 


15 M. Sagara and T. Oyama, Experimental studies of figural after-effects in 
Japan, Psychol. Bull., 54, 1957, 327-338; Singer and Day (n. M). 
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ponential decay function was therefore fitted to the means of this 
study and a test of goodness of fit was carried out. It was also 
predicted that the aftereffect would be zero 5 min. after stimulation 
offset. 


Method 


Apparatus. The apparatus was identical to that of Experiment I. 


Subjects. The Ss were students from an introductory course in psychology, 
seven men and seven women. No Ss wore spectacles. 


Procedure. Each S was given a pair of balanced trials under each of seven 
treatment conditions. One of each pair of trials was with an inducing-stimulus 
slant of --30 deg, the other with —30 deg. Posttests were commenced 0, 30, 
60, 90, 120, 150, and 300 sec. after the end of stimulation9 Each S had six 
trials (three treatment conditions) on Day 1 and eight trials on Day 2. Each 
session took approximately one hour and was preceded by 10 practice settings. 
The order of treatments over Ss was partially counterbalanced so that each 
delay was given twice in each order. The interval between the end of stimula- 
tion and the start of the next pretest was always 5 min. A posttest always oc- 
curred in this 5-min. interval. 

The starting positions were the same as in Experiment I except that coun- 
terbalancing of the eight starting-position combinations over subjects and 
treatments was not possible. Six starting-position combinations occurred twice 
and the remaining two once each. 


Results 


Means and variances of aftereffects measured following the seven 
posttest delay intervals are shown in Table I. An exponential 
function was fitted to six of the groups—the 300-sec. condition 
excluded—and the predicted means are shown in Table IJ" The 
exponential and residual contrasts among the obtained means were 
tested for significance by a method of unplanned tests.18 The results 
of this analysis are shown in Table II. The exponential function 
accounted for the significant proportion of the variance among the 
group means. The residual variance was not significant. When the 
fitted exponential function was extrapolated to the 300-sec. post- 


i 16 These intervals do not include the mean 38 sec. for E to reset the stimu- 
us following stimulation offset. i f 
uy, Ee re to the analysis of monotonic trends in data, 
Unpublish University of Sydney, 1964. : ‘ À 
ied RS ROMPE ae MIN and their decision basis, Brit. J. math. statist. 
Psychol. (in press). Values of FG -«)^ from R. S. Rodger, Intermediate Statis- 
tics, 1965. The method of analysis and statistical model are given by B. J. 
Winer, Statistical Principles in Experimental Design, 1962, 122-132. 


TABLEI 


Mean AFTEREFFECTS, VARIANCES, AND PREDICTED Means AT SEVEN 
Posrrest DELAY INTERVALS: ExPERIMENT II 


Posttest delay (sec.) 


Measure 0 30 60 90 120 150 
M 4.14 2.75 2.16 1.20 1.46 1.14 t 
St 1.93 1.11 .81 1.75 1.41 1.32 L 
Y 4.15 2.76 1.07 1.53 1.29 1.15 f 


Note: All aftereffects, variances, and predicted means in degrees. 


stimulus condition, the predicted value of .98 deg. was close t 
obtained mean of .93 deg., which was significantly greater than 
(t = 291; tos = 1771). 


Discussion 


This experiment indicated that the dissipation function 0 
aftereffect could be adequately fitted by an exponential cun 
finding which is consistent with results reported in other af 
studies. Although the aftereffect 5 min. after cessation of stin 
“on yas significant, it was considered impractical to incre 
intertrial interval. Hence, the subjects were tested once omy 
further studies. 1 


EXPERIMENT III 
Experiments III and IV were concerned with the abil 


subjects to judge the slant of textured surfaces. Reports by 
subjects and observations by the experimenter had sugges ed | 


TABLE II 


Summary or Anatysis or Vartance, Goopness or Fir 
or ExPONENTIAL Function: Experiment II 


Soure — dí — SS MS Fa Ft DM 
Between Ss 13 
Within Ss 70 103.20 i 
Exponential 5 91.64 18.33 17.20 1.44 ‘Relat 
Residual ie 1o a 
Error 65 69.04 1.06 
Total 83 212.80 
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the lattice pattern used in Experiments I and II was not altogether 
satisfactory for aftereffect measurement. Movement of the surface 
following prolonged fixation produced illusory movements similar 
to those reported by Honisett and Oldfield.!* These made vertical 
adjustments difficult. In addition, the number of intersecting con- 
tours above and below the fixation point could have provided an 
unwanted cue to slant. 

The aim of Experiment III was to measure the judged slant of 
two surfaces. One surface had vertical contours only, the other 
had only horizontal contours, It was predicted that binocular 
judgments of the slanted vertical contours would be relatively 
accurate, since these contours, when slanted, would provide the 
necessary condition for stereopsis, that is, discriminable horizontal 
disparities. On the other hand, since the edges of the targets were 
occluded and the fixation point was at the axis of rotation, the 
horizontal contours would not provide discriminable horizontal 
disparities. In that case, the disparate points would lie on continu- 
ous undifferentiated contours. If these predictions were confirmed, 
the horizontal contours could be omitted from the stimulus used 
to induce slant aftereffect without detracting from the binocular 
depth cues available. 


Method 


Apparatus. The apparatus was housed in a wooden box. The interior of 
the box was divided by a diagonal septum into which there was set an 8-in. 
square semisilvered mirror. The variable surface (test stimulus) was viewed 
through the mirror, the standard (inducing stimulus) was reflected. Both 
stimuli were mounted on large aluminium sheets and held in place by bull- 
dog clips. f 

The viewing distance for both figures was approximately 285 in. The S 
observed the stimuli through adjustable-convergence tubes, 16 in. in diameter. 
All Ss reported complete or almost complete overlap of left- and right-eye fields 
when the proximal ends of the tubes were set 26 in. (66 mm.) apart. The 
tubes occluded the edges of the stimulus surfaces and permitted a view of 10 
deg. 50 min. in the center of each field. 

The slant of the variable test figure was controlled either by E or by S, 
using small brass wheels which were connected to a 12-in. protractor at the 
rear of the box. Only E could vary the slant of the inducing figure. — 

The test figure was illuminated by two 25-w. bulbs, mounted in housings on 
each side of the backing plate. The inducing figure was similarly illuminated 
by 60-w. bulbs, Brightness of both fields was 40-50 ftL. at the center but 


19 J. Honisett and R. C. Oldfield, Movement and distortion in visual pat- 
terns during prolonged fixation, Scand. J. Psychol., 2, 1961, 49-55. 


increased rapidly to 100 ftL. at the periphery. The test and inducing figure 
could be alternately presented using decade timers or by a manual coni 
switch. 

Three stimulus surfaces were used in this experiment. The surface of t 
variable test figure was plain white J4g-in. pasteboard with four 1-in. square 
of the same board pasted symmetrically around the central fixation point. Th 
standard inducing figures, either horizontally or vertically contoured, 
photographs mounted on pasteboard. In each case, 15 black lines, 3 mi 
wide, were separated by white spaces, 125 mm. wide, with a central fixati 
spot. 

Subjects. The Ss were 30 students from an introductory psychology cours 


Procedure. The Ss were randomly assigned to one of two groups. Gro 
V judged the vertical contours and Group H the horizontal contours. Ba 
group was further divided into five groups of three Ss, Each of these grou 
judged the standard at one of five slants: 0, —10, —20, —30, or —40 deg. 

The staircase method was used2° S always judged whether the variable i 
‘more’ or ‘less’ slanted than the standard, but the order of presentation of | 
standard and variable was alternated. F 

Each S completed two single staircases, each staircase consisting of f 
blocks of 10 trials. The slant of the variable, which was initially either 
or —40 deg., changed in steps of 8 deg. until 10 consecutive responses ai 
nated between two values. The next trial began at the center of these ® 
values, with the step size reduced to 2 deg. The first trial of each series W 
designed as the trial preceding the first reversal in response. J 

One trial in each block of 10 was a catch trial. This was three or four 8 
above or below the preceding response. To reduce drift due to adaptatit 
l-min. rest was given between blocks of 10 trials and there was a 5-min 
between the two series. To reduce the variance of judgments, Ss were 
that the standard slant would be constant over a single staircase. S was 
structed to fixate the center of each surface at all times. 


Results 


The approximate formula of Dixon and Massey was US 
estimate the means of the two staircase series (n. 9; pp. 318-9^ 
These were similar in all cases and were combined. Table II £ 
the means and variances for each of the experimental groups. 
were large variance differences, but Cochran's test suggeste 
the assumption of homogeneity was tenable?! Inspection O 
data suggested tests of the linear and residual regression com 
nents of Groups V and H, and a test of the difference between 
general means of the two groups. Rodger's method of unplan 
tests was used (n. 18). In Group H, there was no significant i 


20D. J. Finney, Probit Analysis, 1962 
21 See Guenther (n. 9), 219.” 5 3 
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TABLE III 


Means AND Variances oF Mean PSEs 
AT Eacu SLANT ANGLE FOR TWO STANDARD SURFACES: EXPERIMENT m 


Slant of standard (deg.) 


Standard 
contours Measure 0 —10 —20 —30 —40 
Vertical M — .66 —60.45  —10.84 —17.9% —21.76 
8: .24 2.23 32.25 13.51 16.76 
Horizontal M —3.19 —3.34 — 3.77 — 2.75 - 2.14 
S: 10.09 .06 .14 8.43 6.54 


MERI oc 


Note: N = 3 in each cell. 


or residual trend (F = .02 and .02 respectively; F.o? = 1.16). 
In Group V, the linear trend was significant (F = 7.27) and was 
fitted by the equation Y = .537z + .79. The residual trend was not 
significant (F = .05). The general means of Groups V and H 
differed significantly (F = 4.55). 


Discussion 


The results confirmed the prediction that binocular judgments 
of the vertical contours would be relatively accurate, while those of 
the horizontal contours would not. These results agree with those of 
Ebenholtz and Walehli, who postulated an inhibitory mechanism to 
account for loss of stereopsis.? It is sufficient to recognize, however, 
that the disparities would not be discriminable along homogeneous 
contours. 


EXPERIMENT IV 


Bergman and Gibson found no difference between monocularly 
and binocularly induced slant aftereffects (n. 3; p. 371). Bergman 
argued that a difference between monocular and binocular posttest 
settings could either be a function of a difference in the size of 
aftereffects induced by monocular and binocular stimulation or 
solely a function of differences between test adjustments under the 
two viewing conditions. However, he claimed that no difference 
between test judgments would indicate no difference between in- 
duced aftereffects. This argument is a non sequitur, since it ig- 


22S. M. Ebenholtz and R. M. Walchli, Stereoscopic thresholds as a function 
of head- and object-orientation, Vis. Res, 5, 1965, 455-462. 

22 R. L. Bergman, After-effects in the perception of a 
Published M.A. thesis, Cornell University, 1954, 21-22. 


slanted surface, un- 


se d 


nores the possibility of interaction effects. The addition of two 
further conditions is necessary: binocular stimulation with monoe- 
ular test, and monocular stimulation with binocular test. 

The aim of this experiment was to compare the means and vari- 
ances of vertical adjustments of the vertically contoured surface 
under monocular and binocular viewing conditions. If the variances 
were comparable, differences between aftereffects induced under the 
two viewing conditions could be tested. 


Method 


Apparatus. The test stimulus was the vertically contoured surface of Ex- 
periment III; no inducing stimulus was used. Either viewing tube could be 
occluded by covering the end inside the box. 

Subjects. The Ss were 10 students from an introductory course in psy- 
chology; none wore corrective lenses. 

Procedure. Each S was given a standard test of ocular dominance (visual 
alignment), which provided an objective criterion for selection of the test eye. 
The five Ss in Group BM made 10 binocular, followed, after a 1-min. rest, by 
10 monocular, adjustments to the vertical. Group MB made the monocular 
adjustments first. Ss fixated the center of the surface at all times. Starting 


positions alternated between --2 and —2 deg., and were the same for all four 
conditions. 


Results 


Means and variances of vertical adjustments are shown in Table 
IV. The mean variance of the monocular judgments was significantly 
larger than that of the binocular judgments, both for first judgments 
(F = 34.9; F 99 = 15.98) and second judgments (F = 32.1). 


Discussion 


The results of Experiment IV suggested that the vertically co! 
toured surface provided sufficient cues for relatively accurate pino 
ular settings to the vertical, but not for accurate monocular sett 
Since monocular mean settings ranged from —11.05 to +23.60 
detection of an aftereffect of the order of 4 deg. under these 
ditions would have required a prohibitive sample size. Thus bino 
lar viewing only was used in Experiment V. 


EXPERIMENT V 


The object of this experiment was to measure the relationsbi 
between inducing-stimulus slant and the size of the induced 84 
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TABLE IV 


MEANS AND VARIANCES OF 10 Vertical SETTINGS 
UNDER MONOCULAR AND BiNocuLAR Viewine CONDITIONS: EXPERIMENT IV 
aa SS SS 


Viewing condition 
Binocular Monocular 
Subject M S: M Ss: 
Group BM +1.65 1.30 +2.43 130.90 
1 — 5 76 + .75 25.32 
2 +1.60 12.19 —11.05 27.03 
3 +1.55 2.53 +23.60 37.89 
4 +1.80 2.46 —1.95 12.93 
5 +3.43 7.58 + .80 86.11 
Group MB +2.88 4.07 +4.32 45.59 
6 +4.75 12.02 —2.60 27.04 
7 +3.85 7.71 —3.65 112.56 
8 +1.50 5.60 +6.30 83.56 
9 +1.10 3.94 +6.95 359.98 
10 +3.20 4.56 +14.60 81.14 


effect. Each S was tested once, and only negative inducing slants 
were used. An attempt was made to obtain judgments of inducing- 


stimulus slant. 


Method 


‘Apparatus. The apparatus was the same as that of Experiment IV, except 
that an inducing stimulus identical to the test stimulus was used. In addition, 
a fixation light was mounted behind a pinhole drilled through the center of 
the test stimulus, Each S judged inducing-figure slant by adjusting the tilt 
of a black rod pivoted at the center of a white disc. 


Een The Ss were 70 students from an coctus aid Mas a m" 
chology, 30 d 40 women. None wore corrective lenses. total o 
ques e i hich exceeded 16.0, 4 Ss 


other Ss was rejected: 13 Ss had a pretest variance wht} e 
reported continuous double images of the fixation point despite use of the 
fixation light (see Procedure), and 3 Ss could not discriminate large differences 


in slant of the test stimulus. 

“ Procedure. There were 10 Ss in each group. Groups were defined by induc- 
ing-stimulus slants: 0, —10, —20, —30, —40, —50, and —60 deg. Each S was 
instructed to fixate the pinhole of light on the test stimulus before that figure 
vas illuminated. This procedure helped to reduce the occurrence of convergence 
‘locking Ten pretest settings were made from starting positions alternately 
+2 and —2 deg. The S then inspected the inducing stimulus for 2 sec. before 
he adjusted the metal rod to match the inducing-stimulus presentations. This 
Was repeated twice, with a 1-min. rest between inducing-stimulus presentations. 


Ninety sec. after the last slant judgment S made one vertical setting of the 
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test stimulus, and then immediately fixated the inducing stimulus for 90 sec. 
After 90 sec. had elapsed, S was instructed to set the test stimulus, which was 
set at 0 deg., to physical vertical. 


Results 


The means and variances of aftereffects measured at each in- 
ducing-stimulus slant are shown in Table V. Cochran’s test indi- 
cated that the assumption of homogeneity of variance was untenable. 
Correlation between sample means and variances appeared not to be 
the major cause of inhomogeneity (r = +0.40, t = 1.00, p > 09). 
There was, however, a significant correlation between aftereffect 
variance and inducing-stimulus slant (r = +0.94, t = 6.064, p < 
01). There was also a consistent tendency for the variance of slant 
judgments to inerease with physical slant (from 59.28 at 10 deg. to 
128.18 at 60 deg.). Illusory movement effects occurred despite the 
absence of horizontal contours. Some subjects reported these effects 
during the posttest, others when subsequently questioned. 


TABLE V 
Means AND VARIANCES OF AFTEREFFECTS 
MEASURED AT Seven I-riGURE SLANTS: EXPERIMENT V 


Inducing-stimulus slant (deg.) 


mE ngssngsumulusslant (deg) 


Measure — 0 -10 -%0 ES 4) —-500 M 
M  —172 148 2.05 71 2.9 4.22 3.39 
8S 9.40 9.50 11.09 19.14 31.54 28.36 44.32 
Discussion 


The results of this experiment were inconclusive. The illusory 
movement effects could be related to retinal tilt of afterimages g 
the inducing-stimulus contours relative to the test-stimulus cor- 
tours. Such relative tilt would increase with inducing-stimulus 
slant. Thus, contour-interaction effects could explain the correlation 
of aftereffect variance with inducing-stimulus slant. The increase 
In variance of judged slant with increases in inducing-stimulus 


slant provides an alternative possible explanation, which is dis 
cussed below. 


CONCLUSIONS 


The results of these preliminary experiments suggested that the 
present approach to the study of slant aftereffect was unsatisíat 


- 
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tory. A textured surface was chosen partly to enable a comparison 
between monocularly and binocularly induced effects. The occur- 
rence of illusory movements and the large variability of monocular 
adjustments to the vertical suggested that the surface chosen was 
not adequate for such a comparison. Monocular slant judgments 
might have increased in accuracy if the ‘interaction’ of texture 
elements had been increased by decreasing texture coarseness. 
However, the experiments indicated that this would not be a suit- 
able alternative, because illusory effects and Tapetenbilden inter- 
fered with posttest judgments. Bergman and Gibson’s alternative of 
using a low-contrast surface was rejected because a very long in- 
ducing period results in very small effects, thus making differences 
between treatments difficult to detect when sample size is small. 
There were other reasons for preferring to work with a textured 
surface, including possibilities suggested by Köhler and Emery 
(n. 2; pp. 173-174). For example, it would have been interesting 
to compare aftereffects induced by a slanted surface and by a 
nonslanted pattern of converging vertical contours. 

The decision not to measure monocularly induced slant aftereffect 
suggests that a single vertical contour could be used as both induc- 
ing stimulus and test stimulus. The monocular cue of linear perspec- 
tive is not necessary for binocular depth perception. In further 
experiments, therefore, a single vertical contour is being used.” 
Such a stimulus does not induce either illusory movement or the 
Tapetenbilden phenomenon, both of which occurred in Experiment 

Recent evidence strongly suggests that both Gibson’s ‘normali- . 
zation’ (adaptation) theory and Kóhler's contour-shift, or repul- 
sion, account are by themselves inadequate as explanations of all 
aftereffect, phenomena. Nevertheless it is interesting to note that 


i t. 
^! H. E. Grub d W. C. Clark, Perception of slanted surfaces, Percept. mot. 
Skills, 6, 1956, 106; E. 8, Eriksson, Monocular slant perception and the 
ture gradient concept, Scand. J. Psychol., 5, 1964, k t » 
REP. M. Wenderoth, R. S. Rodger, and I. S. Curthoys, Confounding of bed 
shophysical errors and sensory effects in rari measures of spatial atter- 
effects, Percept. & Psychophys., 4, 1968, 133-138. t 
. 5 Some of the eie recent studies are R. B. Morant and J. Wr a 
erent after-effects of exposure to visual tilts, this coe A Quart F 
26; J. Wilson, Adaptation and repulsion in the figural aftereffect, Quart. 9 
exp. Psychol., 17, 1965, 1-13; W. B. Templeton, I. P. Howard, and G. g: 
Satiation and the tilt after-effect, this JOURNAL, 78, 1965, sce. AU ate 
. Day, An analysis of the satiation-fatigue mechanism of figura 
effects, this Journat, 78, 1965, 345-361. 
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an implication of Gibson's theory has relevance for the results of 
Experiment V. The adaptation theory is formulated in phenomeno- 
logical terms. Thus slant aftereffect would be predicted to be a 
function of judged rather than physical slant.?* Since there was some 
tendency for the variance of judged slant to inerease with actual 
slant, Gibson's theory would predict that aftereffect variance 
would also inerease with judged slant. An adequate test of this 
predietion would require more precise methods of measuring judged 
slant than were employed in Experiment V. 

An alternative hypothesis of the determinants of slant aftereffect 
could be tested more easily with a single slanted contour, used as 
both indueing and test figure, and similar to the stimulus used by 
Ogle to study cyclofusional eye movements.2® Variation in the 
slant of a vertical contour in an observer's median plane is pro- 
jected retinally as variation in tilt relative to the vertical retinal me- 
ridian. There is no essential difference, therefore, between prolonged 
monocular fixation of a very thin contour tilted through an angle 
0/2 and a contour slanted through an angle 0’ = tan [(b/2a) 
tan ©], assuming that cyclotorsional eye movements do not oc- 
cur.® Thus binocular slant aftereffect may be a complex case of 


tilt aftereffect in which directionally opposite tilt effects are induced 
at the two eyes, 


21 Gibson (the first reference in n. 5). 


28K, N. EAE zh 
z QUE Hee in Binocular Vision, 1950, 107. 


TRACE LOCALIZATION AND 
THE RECOGNITION OF VISUAL FORM 


CnanuEsS C. Torrey, Macalester College 


Abstract. In the first of three experiments, previous research by Wallach 
and Austin suggesting localized storage of visual traces was replicated, using 
new stimulus materials. In the second, an alternative hypothesis accounting 
for trace selection by phenomenal, rather than anatomical, locus was examined 
and rejected. In the third, the possibility that eye-movement tendencies may 
provide mediating stimuli that govern trace selection was explored, with nega- 
tive results, The hypothesis of differential trace localization originally put forth 
by Wallach and Austin remains the most economical explanation of their 
results, but neither their research nor the present experiments indicate whether 
the localized trace is best described as a template or as a set of features. 


In 1954, Wallach and Austin reported an experiment on visual 
recognition the results of which, they believed, indicated that mem- 
ory traces of visual stimuli are localized in a cortical region specific 
to the region of original excitation.! The experiment hinged upon 
the use of a silhouette figure which when viewed in one orientation 
represented a man wearing a chef’s hat, but when rotated 90 deg. to 
One side represented a dog. The chef, the dog, and seven other 
silhouettes were shown one at a time tachistoscopically, and the 
observer was required to identify them. Each figure appeared in 
one of four quadrants of the projection screen, with the observer 
fixating the center point during the exposure. The two versions of the 
critical figure were shown second and sixth in the series, one to the 
Upper left and one to the upper right of the fixation point. As a 
tenth and final figure, the critical figure was again presented in 
either the upper left or upper right quadrant, but oriented diagonally 
80 as to constitute an ‘ambiguous’ figure. 

Of the 48 observers who completed the experiment, 36 responded 


Received f. blication by Professor E. B. Newman. The author thanks 
teven J. Taf Fa. his assistance in conducting the experiments and Richard 
V. Schultz for help in preparing slides for Experiments Iand I. —— 
Hans Wallach and Pauline Austin, Recognition and the localization of 
Visual traces, this JovnNAL, 67, 1954, 


591 


592 TORREY 


to the ambiguous figure as they had earlier responded to the criti- 
cal figure presented in the same quadrant. This frequency of near- 
plant responses differed significantly from chance (p < .002), and 
the authors concluded that trace selection had been influenced by 
anatomical proximity between the excitation and the trace of the 
earlier excitation. 

It has long been accepted as fact that the recognition of a figure 
is unimpaired when that figure is presented at a novel locus on the 
retina? Because Wallach and Austin’s data suggest that anatomical 
locus can, under some circumstances, influence the trace-selection 
stage of visual recognition, it seemed important to replicate their 
experiment and to explore some possible alternative explanations of 
their results. The present series of experiments was undertaken for 
these reasons. 


EXPERIMENT I 
Method 


The stimulus forms were black silhouettes of familiar animals, including a 
squirrel, a mouse, an owl, a whale, a turtle, a snail, and a pig. The critical 
figure represented a duck (D figure) when shown in one orientation and a 
rabbit (R figure) when rotated 90 deg. The tenth figure of the series (Figure 
1) was the duck-rabbit silhouette in an intermediate orientation (A figure). 
The 35-mm. slides prepared for each figure were appropriately placed in the 
field, and the figures were projected on a screen at a distance of 54 in. from 


Fic. 1. Ambiguous (A) figure used in the experiments 


? Wolfgang Kóhler, Dynamics in Psychology, 1940, 127-129. 
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0: The long dimension of the projected figures ranged from 35 to 45 in., and 
the figures were centered at points to the upper left, upper right, lower left, 
or lower right of the thumbtack that served as fixation point, at a distance 
of from 2.5 to 3 in. from the thumbtack. In all cases, the nearest portion of 
the figure contour was separated from the fixation point by at least 1 deg. 
visual angle, and thus lay outside the foveal region. Exposure of each figure 
was controlled at 4 sec. by means of a camera shutter mounted in front of the 
projection lens. The experiment was conducted in a black-painted room that 
was dimly illuminated by a fluorescent ceiling fixture during the experiment. 

Each O was seated facing the screen and was given the following instruc- 
tions: "This is an experiment on how people recognize things. I will flash 
some pictures on the screen very quickly. Looking directly at the thumbtack, 
will you name the object which you see? Remember, always look directly at 
the thumbtack during the exposure. I will give you a ready signal before each 
pieture. Any questions?” 

The D and R figures were shown second and sixth in the series, one to the 
upper left and one to the upper right of the fixation point. The A figure was 
presented last, in cither the upper left or upper right quadrant. Order of 
presentation for D and R figures was counterbalanced, as was position relative 
to the fixation point for D, R, and A figures. The other seven figures were 
presented, in various quadrants, first, third through fifth, and seventh through 
ninth in the series, in a constant order and position for all Os. 

‘A total of 65 undergraduate students from the introductory psychology 
course at Macalester College served as Os. The eight presentation sequences 
Generated by the counterbalanced design were used in rotating order from one 
0 to the next, and if in the course of the experiment O failed to identify the 
D or R figure, made the same response to both, or made a completely new 
response to the A figure, his data were excluded from further consideration and 
the next O was run under the same sequence. On these grounds 17 Os were 
dropped from the experiment, and of the remaining 48, 6 were run under each 
stimulus sequence. 


Results 


Of the 48 observers, 36 identified the A figure in the same way 
they had earlier responded to the critical figure presented in the 
Same position (near-plant), and 12 gave the other (far-plant) 
response. This distribution of response differs significantly from 
chance (p < .002). It is interesting that the proportion is identical 
to that obtained by Wallach and Austin, using à different critical 

B. ; 
Wallach and Austin reported that of the 12 far-plant recognt- 
tions in their experiment, in 9 cases the effective plant had been 
Made in the left cerebral hemisphere. They speculated that hemi- 
spheric dominance might play a role in recognition, over and above 
the effect of trace locus. The present data did not support this 
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hypothesis, since in 9 of the 12 cases of far-plant recognition, the 
effective plant was in the right visual cortex. 

Furthermore, there was little indication in the present data of 
other factors influencing response to the A figure. Of the 48 re- 
sponses, 28 were ‘duck’ and 20 ‘rabbit,’ indicating that the A 
orientation was fairly well balanced between the D and R orienta- 
tions. Also, 26 observers gave the same response to the A figure as to 
the first critical figure (Trial 2), and 22 the same response as to the 
second critical figure (Trial 6). There was thus no evidence of a 
primacy or recency effect. In sum, the results constitute a clear 
replication of the Wallach and Austin experiment, and demonstrate 
that the near-plant effect is not limited to the particular critical 
figure used there. 


EXPERIMENT II 


In Experiment I, as in the Wallach and Austin experiment, two 
distinct kinds of localization were confounded. Not only was the 
excitation process localized anatomically, with reference to the 
retina and to the visual projection area, but the silhouette was 
localized with reference to the projection screen. It is thus con- 
ceivable that the operative factor in determining trace selection 
in these experiments was not anatomical location but ‘phenomenal’ 
location. Some indirect support for the plausibility of this hypothe- 
sis can be found in a series of experiments by Rock, in which the 
recognition of simple figures was shown to be more influenced by 
their phenomenal orientation than by their orientation with respect 
to retinal coordinates. The second experiment of the present series 
adapted to the study of localization one of Rock’s methods for 
separating retinal and phenomenal factors. 


Method 


Design. The experiment pitted the two types of localization, anatomical 
and phenomenal, against each other so as to assess their relative influence 0D 
recognition of the A figure, By shifting the fixation point appropriately , it was 
possible to present the A figure at a screen position earlier occupied by the 
D figure, but at the same time to that part of the retina, and hence to that 
hemisphere of the cortex, where the R figure had been presented earlier. The 


8 Irvin Rock, The orientation of forms on the retina and in the environment, 
this JournaL, 69, 1956, 513-528; Irvin Rock and Walter Heimer, The effect 


of retinal and phenomenal orientation on th: i is JOURNAL, 
70, 1957, 493-511. n the perception of form, this Jo 
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relative importance of anatomical and phenomenal reference systems could thus 
be determined by comparing the frequency of ‘rabbit’ and ‘duck’ responses to 
‘the A figure. To control for possible effects due merely to the frequent shifts 
‘of fixation, a second group was run with shifting fixation, but with phenomenal 
and anatomical locations deliberately confounded as in the earlier experiments. 


Procedure. Two fixation points, a red and a black thumbtack, were perma- 

"mently attached to the screen, separated horizontally by a distance of 5 in. 
The silhouettes were those used in Experiment I, save that a giraffe was sub- 
stituted for the snail, which many Os had failed to recognize. 

Each O was seated at a distance of 54 in. from the screen and the following 
instructions were read: “This is an experiment on how people recognize things. 
Twill flash some pictures on the screen very quickly. Before I flash each pic- 
ture, I will tell you which of the two thumbtacks to look at, and then give 
you a ready signal. Looking directly at the thumbtack, will you please name 
the object which you see? Please try to keep your body position fairly con- 
stant and remember to look directly at the thumbtack during the exposure. 
Any questions?” 3 

Each figure of the series was presented in one of the four quadrants im- 
mediately adjacent to the fixation point for that trial. This necessitated mak- 
ing duplicate slides for many of the noncritical figures, and triplicate slides 
for the D and R figures with differences only in location of the figure within 
the field. The A figure was always presented above and between the two fixa- 
tion points (left visual field for Os fixating the right thumbtack). For each O 
the critical figures were presented on the second and sixth trials, to the upper 

left and upper right of the same fixation point. The only procedural differ- 
ence between the experimental and control groups was that on the tenth trial 
the control Os fixated the same point as on the second and sixth trials 
(anatomical and phenomenal locations confounded), while the experimental 
Os fixated the other point (anatomical and phenomenal locations separated). 
Sinice all Os were required to shift fixation points frequently (six times for 
experimental Os, seven times for control Os), the possible influences of such 
fixation shifts were approximately equal for the two groups. 


The dimensions of the projected figures, their positions in relation to the 
ditions of room illumination, 


Experiment I. For both 
fixation point on the tenth 


sequence four. In all, 85 naive 
Experiment I, took part, and 


of these 5 were eliminated from the experiment because of recognition failures 


of the sorts described above. 


Results 


Of the 48 observers in the experimental group, 37 responded to 


the A figure in the same way they had earlier responded to the 
Utica] figure presented at the same anatomical position, while 11 
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gave the same response as that elicited by the critical figure pre- 
sented at the same screen position. Since this response distribution 
differs significantly (p < .001) from what would be expected if the 
two factors were equally effective, it is clear that phenomenal loca- 
tion was the less potent factor in determining trace selection. 

As in Experiment I, there was no evidence of a primacy or re- 
cency effect in either of the present groups, nor was there any 
indicated predominance of ‘duck’ or ‘rabbit’ responses to the A 
figure. In the experimental group, the 11 far-plant recognitions were 
examined for evidence of hemispheric dominance, again with nega- 
tive findings: in 6 of these cases the effective plant was made in 
the left cortex; in the other 5, in the right cortex. 

In the comparison of experimental and control groups, however, 
there was a suggestion of some minor influence from phenomenal 
location, in that for the latter group only 3 out of 32 observers gave 
far-plant responses to the A figure. While the difference (between 
11/48 and 3/32) was not significant (p > .05, one-tailed test for 
difference between uncorrelated proportions), the direction , was 
appropriate to the hypothesis that phenomenal location can slightly 
inflate or reduce other influences on trace selection, depending 
upon whether it is confounded with, or set in opposition to, those 
influences. Nonetheless, there remained in the experimental group à 
significant proportion of anatomically near-plant responses, which 
cannot be explained by appeal to phenomenal location. 


EXPERIMENT III 


Seeking alternatives to Wallach and Austin’s explanation of their 
results, Neisser suggested two hypotheses.* The first of these is that 
location of the figure within the visual framework may be influential 
in the selection of traces. Experiment II seemed to show that such 
influence is at best minimal. As a second possibility, Neisser sug 
gested that Tesponse selection may be mediated by “specific feelings 
of eye-strain,” presumably produced by tendencies to move the 
eyes toward the side where the figure appears. Thus, eyestrain | 
ide by a figure to the left of fixation—say, a figure identified 
as a 'duck'—might, when again evoked, mediate the response ‘duck’ 
to the somewhat similar A figure. 

It does not appear possible to rule out this hypothesis through 
direct experimental test, since any peripheral presentation of a fig- 


4 Ulric Neisser, Cognitive Psychology, 1967, 52-53. 
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ntial to the ‘planting’ of traces in differential cortical loci) 
ly evokes reflex tendencies to shift the eyes in that direc- 
estrain as a potential mediating stimulus is thus invariably 

nded with differential anatomical locus of the visual excita- 
Even the use of a stabilized-image technique, though it would 
er futile an observer's attempts to fixate the figure, could not 
ed to eliminate the reflexive elicitation of eye-movement 


diation does play an important role in trace selection 
e conditions of the Wallach and Austin experiment, how- 
t should be possible to show the same selective effects with 
(rather than peripheral) presentation, provided the observer 
given appropriate mediating stimulation. It does not seem 
pression of eye movements, as presumably occurs under 
ions to maintain constant fixation, is an important compo- 
the suggested mediating mechanism. If the selective effect 
on the specification of differential direction from the fovea 
diating process involving the extrinsic muscles and possible 
feedback therefrom, then selection should oceur whether or 
e eyes are actually shifted to the position of the figure just 
to its identification by the observer. Further, the use of verbal 
diators (e.g. instructions to shift fixation to the ‘upper left’ 
before the figure appears there) should perhaps enhance the 
On the other hand, if differential storage location is responsi- 
Or trace selection, as Wallach and Austin suggested, and if 
liation by eye movements plays no role, then when the observer 
vs both of the D and R figures as well as the A figure foveally, 
ponse to the latter should revert to chance. 
cordingly, in Experiment III two groups were run as follows: 
fixated the center at the beginning of each trial, and both were 
l the screen position in which the figures would be presented. 
experimental group was instructed to shift fixation to the 
sition indicated, and thus viewed the figure foveally when it 
ed. The control group was instructed to maintain central 
on throughout exposure of the figure. 
f the hypothesis of mediation by eyestrain is correct, both 
Should show a significant predominance of near-plant re- 
to the A figure, since both the verbal specification of screen 
and the ensuing sensory feedback from the extrinsic 
isles provide potential mediating support for that response. If 
theory of cortieally localized traces is correct, the experi- 
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mental group should show a chance relation between the positions 
of the D and R figures and subsequent response to the A figure, 
since all plants were actually foveal, while the control group should 
continue to give a predominance of near-plant responses to the A 
figure. 


Method 


The experiment was conducted using a two-field Dodge tachistoscope (Poly- 
metric V-0959). The visible field between exposures was a buff-colored card 
on which was drawn a black grid consisting of an outline rectangle 3.5 in. wide 
X 3 in. high, divided into four quadrants by vertical and horizontal lines 
through its center. Silhouettes of the same animals as those used in Experiment 
II were drawn in black on buff-colored stimulus cards. The position of each 
figure on its card corresponded to the center on an appropriate quadrant of the 
preexposure field. The length of the silhouettes ranged from 1.0 to 1.25 in. 
and the nearest portion of the contour in all cases was at least 25 in. from the 
center of the grid (50 min. visual angle at the image distance of 17 in.). 

All Os received these instructions: “This is an experiment on how people 
recognize things. In front of you is a grid of four rectangles. I am going to 
flash some pictures very rapidly in the positions indicated by the rectangles. 
I will say ‘Ready; lower left, and then I will flash a picture in the lower left 
quadrant. Or I will say ‘Ready; lower right,’ and flash a picture there.” The 
experimental Os were also told: “When I say ‘Ready,’ look directly at the 
center of the grid. When I tell you the quadrant, shift your eyes to that 
quadrant so that when the picture appears you are looking at the proper 
part of the screen, When the picture has gone, tell me what it was. Remem- 
ber to look at the center whenever I say ‘Ready,’ and then to look at the 
proper quadrant before the picture is shown. Any questions?" The control 0s 
were told, for their supplemental instructions: “When I say ‘Ready,’ look 
directly at the center of the grid and continue looking that way during 
exposure of the picture. I am only telling you which quadrant so that you 
Won't move your eyes that way when the picture appears. When the picture 
has gone, tell me what. it was. Remember to keep your eyes fixed on the 
ER the screen during the presentation of each picture. Any questions? 
th part from these changes in apparatus and instructions, the procedure wat 

e same as that of Experiment I: order and position of presentation for the 
D and R figures, and position of the A figure, were counterbalanced within 
each of the two groups. Experimental and control conditions, and the 8- 


epo each, were again run in rotating order. The exposure duration 


The 120 new Os were obtained from the same source as in the earlier , 


experiments. There were 24 Os eliminated from the experiment because 
recognition failures, and the remaining 96 were run in equal numbers under 
the experimental and control conditions. 


Results 


Within the experimental group, only 27 of the 48 observers gave 
the same response to the A figure as that they had earlier given to 
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the D or R figure presented in the same screen position—and 
hence associated with the same eye movement. The number did not 
differ significantly from the 24 to be expected by chance. Of the 
48 control observers, 35 gave near-plant responses, a frequency 
that did differ significantly from chance (p < .003). 

The difference in frequency of near-plant responses between the 
two groups was significant at the .05 level, using a one-tailed test 
(p < 044). The one-tailed test was justified here in that a differ- 


ence in the opposite direction between the groups would be difficult 


to interpret under either of the hypotheses being considered. 


DISCUSSION 


The results of Experiment III provide no support for the notion 
that the selection of traces in Wallach and Austin’s recognition 
paradigm is mediated by “specific feelings of eyestrain.” Admittedly 
the test of this hypothesis was indirect, but it appears valid, at least 
until the eyestrain hypothesis is further refined and until some 
evidence is provided that the suppression of eye movements is a 
necessary condition of their utility as mediating events. 

The experiment might be criticized for its failure to provide 
closer control over the observer’s actual eye movements than was 
possible through instruction. It may have been the case that some 
observers in the control group did shift fixation when the figure 
appeared, despite instructions; but even assuming that this oc- 
curred, it does not seem possible to so account for the overall 
pattern of results, If the selection of response to the A figure de- 
pends upon differential cortical location of the traces of the D and 
R figures, then any eye movements occurring when those figures 
Were first presented should decrease the distance between their 
traces and accordingly reduce the predominance of near-plant 
responses to the A figure. If trace selection does not depend upon 
differential cortical locus, then the difference between the two 
groups in Experiment III must be attributed to a difference in 
Mediating capacity between eye movements performed and eye 
Movements suppressed, and the burden of proof is shifted to those 
who would suggest this distinction (as argued above). Considering 
the results of all three present experiments, as well as those of 
Wallach and Austin’s experiment, it seems more plausible to as- 
Sume that if anatomical position of stimulation were more care- 
fully controlled, the proportion of near-plant responses might ex- 
*eed the 7596 that has remained so stable throughout all of these 
experiments, 


While the results of all four experiments do suggest that traces 
of visual stimulation are, for a time at least, localized in a region of 
the cortex specific to the site of original excitation, no particular 
model of what is locally stored seems to be implied. Either a 
‘template’ model or a ‘features’ model® of visual memory seems 
consistent with the notion of localized storage. Perhaps a feature 
interpretation is slightly favored, if only because template matching 
would seem to require some process whereby the A figure is ‘ro- 
tated’ by 45 deg. before its congruity with the near-plant can be 
established and because the direction of such rotation would already 
indicate the influence of the nearby trace. A ‘part’ feature such as 
‘two protuberances’ is relatively invulnerable to changes under 
rotation and might well be established as ‘ears of a rabbit’ in one 
hemisphere and as ‘bill of a duck’ in the other. 


5 Neisser (n. 4), 47-52. 


THE EFFECTS OF SIZE AND DISTANCE ON 
MAGNITUDE ESTIMATIONS OF APPARENT SIZE 


Rosert TEGHTSOONIAN and MARTHA TEGHTSOONIAN, 
Smith College 


Abstract. Size constancy in a natural viewing situation was studied by con- 
structing scales of apparent area for irregular polygons at several viewing dis- 
tances by the method of magnitude estimation (number matching). These 
scales had the form of a power relation, ya = kA", where ya is apparent area 
and A is physical area. For a stimulus of fixed area, ya did not decrease with 
increasing distance, but increased (in Experiment I) or remained constant (in 
Experiment II). The relation between Wa and distance depended, first, on k, 
the scale factor, which, like ya itself, increased with distance in Experiment I 
and remained constant in Experiment II, and second, on m, the exponent, 
which was invariant with distance in both experiments. 


Of all the variables that might influence the apparent size of a 
stimulus, viewing distance has received the lion’s share of attention. 
The paradoxical invariance of judged size despite the gross changes 
Mm retinal image produced by variation in viewing distance is the 
size-constancy effect, and it has generated a very sizable literature 
devoted to the search for reasons underlying the relative weakness 
of the distance variable in determining apparent size. One con- 
Sequence of that interest, however, has been the neglect of other 
factors. Only recently has the effect of physical size, perhaps the 
most obvious determiner of apparent size, been scaled. Stevens and 
Guirao and M. Teghtsoonian found that only in the case of uni- 
dimensional stimuli is there support for the widespread assumption 
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that apparent and physical size are linearly related.! For two- 
dimensional stimuli, subjects judge in accord with the 'law of 
apparent area, ya = kA^5. These results were obtained with the 
techniques of magnitude estimation and production, whose speed 
in use and ease of application made possible the consideration of & 
large range of stimulus values within a single experiment. This 
parametric approach stands in marked contrast to that of many 
experiments on size constancy which have used just one or two 
physieal (or retinal) sizes. The typical size-constancy experiment 
has varied distance but not size, while the apparent-size experiment 
has varied size but not distance. Since in normal full-cue view- 
ing, both size and distance vary over a large range of values, we 
wished to determine how these two variables combine to determine 
apparent size. Accordingly, in the present studies magnitude esti- 
mations were obtained of the apparent areas of irregular polygons; 
five physieal areas and five viewing distances were used. In one 
study, high-school students served as subjects; in a second study, 
the same procedure was followed with college students as subjects. 
In sealing terms, the problem was to determine the effect of distance 
on the parameters of the law of apparent area. Because of its 
relevance to discussions of the size-distance invariance hypothesis, 
we used the same scaling procedure to determine the apparent 
magnitudes of the distances used in the main experiments. 


EXPERIMENT I 
Method 


Materials. ‘The stimuli were irregular polygons, constructed by Attneave and 
Arnoult's Method 2 (for closed-contour, angular shapes)? and cut from b 
matte cardboard. There were five different stimulus areas—8, 24, 70, 210, and 
phe: Blk five different polygons of each area: this made a total of 25 
t i nire That each figure was irregular and unique in shape serve 
‘Wo purposes: first, since no linear measure was common to all figures, S was 
encouraged to base his judgments on two-dimensional extent; second, 8 was 
not tempted to assign remembered judgments to familiar stimuli. The poly- 
Bons were presented, singly, on a stand with a tripod base and a metal 
attached vertically to the base ; a clip, at a height of 21 in. from the base, 


18. S. Stevens and M. Guirao, Subjective scaling of length and area and 


the matching of length to loudness and brigh 1963 
: À tness, J. ezp. Psychol., 66, d 
Bion M. Teghtsoonian, The judgment of size, this JournaL, 78, 


2F. Attneave and M. D. Arnoult, Th itati f shape and 
pattern perception, Psychol. Bull., 53, 1956, ver. study of su 
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held the figure at its approximate center by a small metal bar cemented to 
its back. For all figures, the base of the stand was visible, while the portion 
of the rod showing ranged from 20 in., for the figure with the least extension 
in the vertical dimension, to 2 in., for the figure with the greatest. The stand 
was placed on a tabletop 30 in. from the floor. 

The room used was a large classroom about 50 ft. long. The S sat at one 
end and looked out at five rows of tables, perpendicular to his line of sight, 
in the central portion of the room; there were also single tables, one close 
to him and one at the very back of the room. Some of these tables were 
moved to serve as convenient locations for the stand at 5, 15, 25, 35, and 45 
ft. The room was not changed in any major respect; the aim was to have 
a normal viewing situation, in which various cues to distance would operate 
as they usually do. 


Procedure. The instructions told S he was to see a series of irregularly 
shaped figures of different shapes and sizes, and at different distances from 
him; his task was to assign numbers to represent how big the figures looked 
io him. The S was encouraged to use any numbers that seemed appropriate, 
as long as they were proportional to the apparent sizes of the figures. There 
was no designated standard and no assigned modulus—that is, S was free to 
assign any number to the first figure presented. 

The figures were presented one at a time: S turned away while E placed 
a figure, then at a signal turned back and made his judgment. Each of the 
five areas occurred once at each of the five distances, but which particular 
figure of a given area was used was determined randomly for each S, as was the 
overall order of presentation. Thus each S judged each of the 25 figures 
Once. A session required about half an hour. 

Subjects. There were 16 Ss. They were recruited from summer high-school 
Science classes and were paid for their time. 


Results 


The distributions of magnitude estimations for each area were 
Positively skewed and their variances increased with their means: 
these are characteristics of response distributions generally found 
When subjects make magnitude estimations. A logarithmic trans- 
form tends to normalize the distributions and to equate the vari- 
ances, and was applied to these data before an analysis of vari- 
ance was performed. (There is also a theoretical rationale for such 
4 transform: since our analysis assumed that individual subjects 
generate power functions, it was desirable to average data in a 
Manner which left that relation invariant.) 
_ All polygons of a given area were regarded as equivalent, and 
Judgments averaged over them to yield a three-dimensional matrix 
(area; distance; subject). An analysis of variance indicated that 

e main effects, of area and of distance, on log apparent area were 
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significant (p « .05), while the interaction of area and distance 
was not significant (p > .05). A subsequent analysis showed that 
the linear trend of log apparent-area judgments as a function of 
distance was significant (p < .01), as was the quadratic trend 
(01 < p < .05); the variation due to higher-order trend com- 
ponents was not significant. 

Least-squares lines fitted to log apparent area as a function of 
log area were obtained for each of the five distances, and the slopes, 
intercepts, standard errors of estimate (oys), and coefficients of 
determination (r°) are shown in Table I. The slopes are the ex- 
ponents of power functions, and the intercepts are multiplicative 
constants; oys and 7? are indicators of how well the data were fitted 
by power functions, 

The slopes, or exponents, appear to decline somewhat as distance 
increased. But the nonsignificant interaction between size and 
distance for subjects’ log judgments suggests that this decline in 
exponents was not reliable. In contrast to the exponents, which 
were relatively insensitive to distance, are the intercepts, or multi- 
Plicative constants, which, as shown in Table I, increased with 
distance, This was indicated by the significant distance effect in the 
analysis of variance of subjects’ log judgments: subjects tended 
to use larger numbers for the same stimulus area at greater dis- 
tances. Table I also shows that, at all distances, over 99% of the 
Variance in log geometric mean of apparent area (when log magni- 
tude estimations are averaged over subjects) was accounted for by 
na linear regression; power functions are good fits to the averaged 

a. 

The data are shown in Figure 1, where magnitude estimations of 
apparent area are plotted as a function of area, on logarithmic 
coordinates. Distance is the parameter, each set of symbols rep- 
resenting a different distance. Since the analysis of variance of 
subjecte’ log judgments showed that the interaction between area 
and distance was not, significant, log judgments at each area were 
averaged over distance and a least-squares line fitted to mean log 
apparent area as a function of log area. The resulting line, shown 
in Figure 1, has a slope of .82 and represents a power function 
with exponent .82. 


While Figure 1 represents the scaling of apparent area with 


distance as a parameter, the more usual form for displaying data 


in studies of size constancy is shown in Figure 2, where apparent 
area is shown, on a logarithmic scale, as a function of distance, 


—————— — a —_____ 
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TABLEI 


VARIOUS CHARACTERISTICS OF LEAST-SQUARES Firs or Loa APPARENT AREA 
AS A Function or Loa AREA AT Five Distances 


Distance (ft.) Slope Intercept Oyz rt 
Experiment I 
5 .866 — .896 .032 .997 
15 .829 —.791 .023 .998 
25 .815 — .682 .014 .999 
35 .827 —.711 .045 -993 
45 .786 — .638 .049 -991 
Experiment II 
5 .763 — .235 .055 .998 
15 .795 —.273 .064 .998 
25 .772 —.213 .090 .995 
35 T —.213 .049 .999 
45 .758 —.225 .084 .996 


With area as a parameter. The same information is represented 
in Figure 2 as in Figure 1. The change in apparent area as area 
changed is reflected by the vertical placement of each curve. The 
influence of distance is shown by the tendency of each curve to 
tise as distance increased. To the extent that the five curves are 


MAGNITUDE ESTIMATION (GM) 
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AREA (IN?) 
Fro, l. Apparent area of irregular polygons as a function of physical area, 
with distance from the subject as a parameter; Experiment I. The magnitude 
estimations of apparent area are represented by geometric means. Both 
‘pparent and physical area are scaled logarithmically. The line represents 
^ least-squares fit and has a slope of 52. 
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MAGNITUDE ESTIMATION (GM) 


AREA (IN?) 
eo 600 
o 10 20 30 a6 $6 
DISTANCE (FT) | 
Fic. 2. Apparent area of irregular polygons as a function of distance from 


the subject, with area of polygon as a parameter; Experiment I. The mag- 
nitude estimations of Apparent area are represented by geometric means, 
plotted on a logarithmic scale. 

4 


parallel, the exponent governing the growth of apparent area did 
not change with changes in distance. 


EXPERIMENT II 

Experiment II was undertaken as a replication of Experiment I. 
The experimental materials, the viewing situation, and the experi- 
mental procedures were the same. Two changes were made: in 
the first experiment, the experimenter was a research assistant, 
while in the second experiment, the authors served as experimenters; 
in the first experiment, the subjects were drawn from a population 
of high-school students of both 


ment, they were drawn from a pi 
women. 


sexes, while in the second experi- 
opulation of undergraduate college 


Method 


E: i \ 
Subjects. There were 18 Ss, undergraduates who volunteered to participate 
in the experiment and who Were paid for their services. 
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Materials. The same materials were used as in Experiment I. 


Procedure. The same procedure was followed as in Experiment I. In 
addition, however, after each S had completed all 25 size judgments, she was 
asked to make magnitude estimations of the apparent distances of randomly 
selected polygons at the five distances used just before, in the main experi- 
ment: each distance was presented twice, in a different random order for each 
S. The S did not know before she made the size judgments that she would 
be asked to make distance judgments. . 


Results 


The data of Experiment II were analyzed in the same way as 
were those of Experiment I. Table I gives slopes, intercepts, yz, 
and 7? for the least-squares lines fitted to log apparent-area judg- 
ments as a function of log area. Figure 3 shows the geometric 
means of apparent-area judgments at each of the five distances as à 
funetion of physieal area; the coordinates are logarithmic. Since 
the analysis of variance of log judgments showed that the inter- 
action between area and distance was not significant (p > .05), 
log judgments at each area were pooled over distances and a least- 
squares line fitted to mean log judgment as a function of log area. 
The resulting line, shown in Figure 3, has a slope of .77. This 
can be regarded as the mean of a distribution of slopes obtained 
by fitting least-squares lines to each individual’s log judgments. 
A comparison of the mean (.77) of this distribution of individual 
slopes with the mean (.82) of the comparable distribution of slopes 
from Experiment I showed that the difference was not reliable 
(t = .77, df = 32, p > .05). In both experiments, apparent area 
grew as the .8 power of physical area. 

Figure 4 shows apparent area on a logarithmic scale as a func- 
tion of physical distance for each of the five physical areas. The 
analysis of variance of subjects’ log judgments found the effect of 
distance on apparent area not significant (p > .05). This contrasts 
With the finding in Experiment I that distance did have a signifi- 
cant effect on apparent area. Subjects in Experiment II clearly 
showed size constancy—that is, their judgments of the apparent 
area of polygons of the same physical area showed no tendency 
? change, either to grow or to shrink, as distance increased. : 

Figure 5 shows the geometric means of apparent-distance judg- 
ments as a function of physical distance on logarithmic coordinates. 
The fitted line, with a slope of 1.17, accounted for over 99% of the 
Variance in log geometric means of apparent. distance; thus a 
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Fr. 3. Apparent area of irregular polygons as a function of physical area, 
with distance from the subject as a parameter; Experiment II. The mag- 
nitude estimations of apparent area are represented by geometric means. 
Both apparent and ph 


sical area are scaled logarithmically. The line represents 
a least-squares fit and has a slope of 77. 
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à T irregular polygons as a function of distance from 
the vieni with area of polygon as a parameter; Experiment IL. The 
magnitude estimations of apparent area résente tric means, 
plotted on a logarithmic scale, oe aero 
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apparent Distance (GM) 


5 10 20 50 


DISTANCE (FT) 


Fra, 5. Apparent distance of irregular polygons as à function of physical 
distance from the subject; Experiment II. The magnitude estimations of 
apparent distance are represented by geometric means. Both apparent and 
physical distance are scaled logarithmically. The line represents the least- 
Squares fit and has a slope of 1.17. 


Power function with exponent 1.17 is a good fit to the apparent- 
distance judgments. 


DISCUSSION 
. For all stimulus areas, apparent area did not decrease despite 
increases in viewing distance. As in Jenkin's earlier experiment, 
there was a tendency in Experiment I for the apparent area of 
objects of constant physical area to grow somewhat with distance? 
It should be noted that while the increase in apparent area in Ex- 
periment I amounted to 33% from 5 ft. to 25 ft., the negative 
acceleration indicated by trend analysis means that this rate of 
increase was not maintained; indeed, apparent area at 45 ft. 
showed a small, though not reliable, decrease. In Experiment TI, 
there was no tendency for apparent area to change as distance 
increased: the subjects assigned the same number to a near as to a 
far object of constant area. Why there should be a discrepancy 


1N. Jenkin, A relationship between increments of distance and estimates 


of objective size, this JounNaL, 72, 1959, 345-363 
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between these two experiments in the effect of distance on apparent 
area is not clear. Carlson has shown that over-constancy results 
from emphasis on the objective properties of the stimulus situa- 
tion: Two possibilities, based on Carlson’s finding, occur to us. 
One is that the high-school students in Experiment I, who were 
participating in special advanced-science programs, were oriented 
toward accurate judgments of the physical situation and were 
concerned with how well their judgments corresponded to the 
objective situation. The students in Experiment II were not pre- 
dominantly science majors and may have been more willing or 
better able to follow the instructions to respond to the appearance 
of the stimuli. A second possibility has to do with sex differences. 
Twelve of the 16 high-school students were young men, while all 
of the college students were women. Perhaps men are more likely to 
adopt an objective attitude leading to over-constancy. These pos- 
sibilities must remain for the moment speculative. 
1 Both experiments agree in showing no interaction between phys- 
ical area and physical distance: at every distance used, ratios 
of apparent area increased with ratios of physical area in the 
same way. This invariance of the exponent of the law of apparent 
area with changes in distance has not previously been demonstrated, 
and in fact may not hold for all viewing situations, as Ross has 
shown.5 

That near-constancy was obtained when a subject judged ir- 
regular and nonrepeated figures shows that while ‘familiar size’ 
may be a sufficient condition for judgments to approximate con- 
stancy, as Bolles and Bailey demonstrated, it is not a necessary 
vota There was no possibility in the present study of a 
subject’s directly judging a familiar object (although many familiar 
objects were present). This finding agrees with that of Fillenbaum, 
Schiffman, and Butcher, who compared subjects’ judgments of 
the height of a chair, a stake, and an ‘abstract’ figure; they found 


rir unfamiliar figure was judged no differently than the 
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73, ison Pier Over-estimation in size-constancy judgments, this JOURNAL, 
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The distance judgments in Experiment II indicate that in this 
viewing situation, apparent distance is a positively accelerated 
funetion of physical distance. The value of the exponent, 1.17, 
agrees closely with those reported by Kiinnapas (for indoor dis- 
tances of about 6-65 ft.) and by Teghtsoonian and Teghtsoonian 
(for indoor distances of 5-45 ft: and 5-80 ft.).* j 

Of comparable importance to these particular findings is the 
fact that they were obtained by a technique that presents several 
conceptual and practical advantages. First of all, the problem of 
size constancy can be subsumed under the broader problem of the 
perception of size. Instead of investigating the effect of distance 
on the apparent size of a particular (and arbitrarily selected) 
stimulus, an experimenter can study its effect on the two parameters 
of the law of apparent size, y = kS". Distance could influence 
apparent size either by altering k or by altering n. In this context, 
it is evident that ‘constancy’ could characterize either of these 
parameters. An assumption implicit in many constancy experiments 
is that n — 1 and that constancy is therefore denoted by in- 
variance in k. But it is at least as important to determine whether 
n is influenced by distance. Our result—that it is not, in at least 
one viewing situation—defines a previously uninvestigated aspect 
of size constancy. 

Second, when size judgments are obtained by adjusting a com- 
parison stimulus at a fixed location, decisions must be made about 
the distance of the comparison stimulus and its angular separation 
from the target stimuli. It is a virtue of the number-matching 
technique that it enables the experimenter to dispense altogether 
With a comparison stimulus and thus with any biasing effects 
associated with its location, An added advantage is that results 
obtained with this method are immediately and easily compared 
with the very many other scales of sensory magnitude obtained 
by number matching. 

_Third, and especially since the review of the literature on the 
size-distance invariance hypotheses by Epstein, Park, and Casey, 
Many investigators have been convinced that in experiments in 
Which judgments of size are to be obtained at various distances, 
judgments of those distances should also be gathered? The 


'T. Künnapas, Scales for subjective distance, Scand. J. Psychol, 1, 1960, 
187-192; M. Terbuieiis and R. Teghtsoonian, Scaling apparent distance in 
Natural indoor settings, Psychon. Sci., 16, 1969, 281-283. edisti 
, * W. Epstein, J. Park, and A. Casey, The current status of the size-distance 
invariance hypotheses, Psychol. Bull, 58, 1961, 491-514. 
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diffieulty in devising comparable judging techniques for measur- 
ing both apparent size and apparent distance can be overcome by 
the use of magnitude estimation to obtain direct judgments of 
both size and distance. In fact, Sternberg has shown that scaling 
data are uniquely well suited to evaluating several alternative 
versions of the size-distance invariance hypothesis.!? 

Finally, the ease of our procedure should be noted. Judgments 
of five areas at five distances were obtained in the course of a 30- 
min. session. Automated stimulus presentation could halve that 
time. The procedure is further simplified by the absence of any 
equipment beyond the stimuli to be judged; the experimenter is 
spared the necessity of contriving some response apparatus and 
the subject of operating it. 

In summary, the subjects matehed numbers to the apparent area 
and distance of irregular polygons whose size and distance from the 
subject varied concurrently. The results were consistent with find- 
ings from size-constancy experiments which have had the subject 
match one size to another: apparent area remained constant (in 
Experiment II) or grew slightly, but reliably (in Experiment I), as 
distance increased. They were also consistent with experiments in 
the sealing of area: apparent area grew as a power function of 
physical area with an exponent of .8. There was no interaction be- 
tween area and distance in their effects on log apparent area: the 
exponent .8 was the same at all distances. The exponent of the 
power function relating apparent and physical distance was 1.2. 
The direct scaling techniques (e.g., magnitude estimation) have 4 
number of advantages for the study of size constancy: (a) they 
permit the integration of questions about size constancy into the 
broader framework of the perception of size; (b) they allow the 
experimenter to dispense with a variable stimulus whose definite 
physical properties may exert undesirable constraints on judgments; 
(c) they enable the experimenter to obtain judgments of distance 
as well as size in the same situation with the same scaling tech- 
nique; and (d) they are quick and convenient. 
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MINIMAL AVERSION THRESHOLDS 
FOR WHITE NOISE: ADAPTATION 


Rrcmamp SunuwaAN, New York University Medical Center, 
Ricnanp Warren and Marcarer DABICE, 
City College, City University of New York 


Abstract. Noises of four different amplitudes were presented to 20 sub- 
jects, who then judged minimal aversion thresholds for a white noise presented 
binaurally in ascending and descending series. Both adaptation and series 
influenced their judgments, but the differences in judgments were greater 
between series types than across adaptation levels. The findings suggest that 
thresholds for the attribute of aversive loudness can indeed be effectively, 
Specified. The possibility of a psychological scale of aversiveness common to 
all sensory systems is discussed. 

a eee 


Intensive sensory continua such as loudness, brightness, cold, 
and radiant heat all have the psychological quality of becoming 
aversive at subjectively high magnitudes of stimulation. Melzack 
and Wall have suggested that the reactive and averting aspects of 
Pain reception depend on the exceeding of certain balanced levels 
of activity in both peripheral and CNS projection systems. The 
Psychological distinction between aversive and nonaversive levels 
of stimulation in other intensive continua may depend on à 
similar process, and the fact that startle, affective, and averting 
Tesponses of a similar nature may be obtained by use of high- 
Intensity stimuli of different sensory systems suggests that these 
Continua may share common macrocerebral structures. Melzack 
and Casey have alluded to such a possibility in discussing the 
relation between affect and the sensory intensity of pain stimuli. 
Woods and Campbell have suggested that noxious stimuli of dif- 
ferent sensory systems may be related to 8 common scale of 
Aversiveness,? 
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The ability of subjects to judge the aversiveness or annoyance 
of sound has been demonstrated in a number of studies.* So has 
the ability of subjects to judge the discomfort of and minimal 
aversion thresholds for brightness. And behavioral indexes of the 
relative aversiveness of sensory stimuli have been obtained by 
cross-modal comparisons of noise with electric shock and with 
cold water? Undoubtedly, the attribute of sensory aversiveness 
is due to a complex interaction of peripheral and central factors 
similar to that suggested by Kryter for the attribute of noisi- 
ness.’ However, Bourassa and Wirtschafter (see n. 5) reported that 
while other factors may have contributed to the judgment of 
visual discomfort, the major variable appeared to be total luminous 
flux They speculated that the process responsible for the dis- 
crimination of discomforting levels of visual stimuli may be the 
same as that suggested by Melzack and Wall (n. 1) for the ap- 
preciation of pain stimuli. It is possible that the transition from 
nonaversive to aversive levels of stimulation may be related to & 
common process across sensory modes. 

The ability of subjects to judge aversiveness of stimuli suggests 
that a transition point, or minimal aversion threshold (MAT), 
could be specified which would divide the loudness continuum into 
ranges of aversive and nonaversive stimuli.® As Kryter (nn. 4, 7) 
has noted, the band of noise used, the adaptation level, and the 
subject’s previous experience with noise influence judgment of 
such an attribute. For example, Spieth (n. 4) found that individuals 
who judged the annoyance of various bands of white noise on 
the basis of their own work environments had different thresholds. 
However, both Kryter (n. 7) and Spieth (n. 4) found that the 


*D. A. Laird and K. Coyle, P. : 
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range of annoyance judgments was relatively restricted. If the 
specification of an effective minimal aversion threshold is to be 
meaningful, the range of values obtained for different adaptation 
levels must also be limited. That is, while adaptation level may 
influence judgments of the threshold, there must be a point at 
which adaptation level has a diminishing affect on the discrimina- 
tion of a threshold of minimal aversiveness. The present experi- 
ment was thus designed to determine what effect different levels of 
adaptation have on the judgment of a minimal aversion threshold 
for white noise. 


METHOD 


Subjects. The Ss were 20 undergraduates (age range, 18-22) with normal 
hearing. 


Apparatus. The apparatus consisted of & white-noise generator in circuit 
with an amplifier, a series of decade resistors, and a set of calibrated ear- 
phones. Calibration of noise amplitudes was done through use of a Ballantine 
VTVM. The scale used by Es to set levels of stimuli and to record judgments 
was independently assigned an arbitrary code, and the two Es who ran Ss 
were unaware of the amplitudes of noise presented during the various trials. 
The noise was presented binaurally while Ss were seated in & darkened, 
Sound-attenuated cubicle. 


Procedure. 'The Ss were instructed that the experiment dealt with their 
"ability to detect a level of noise that indicated a transition from nonaversive 
Sound to aversive sound." They were told repeatedly throughout the testing 
periods that they were to concentrate on the discrimination of a sound which 
was minimally aversive, annoying, and bothersome. All Ss were given & number 
of practice trials with the test stimuli being presented for both ascending- 
and descending-noise series. They were then told that the test noise would 
be preceded by a brief noise (adaptation stimulus), which would remain on 
at a certain level and then be turned off. Immediately after the turning off 
of the adaptation stimulus, a noise would be presented that either increased 
or decreased in amplitude; they were to judge this second noise. For the 
ascending-noise series, Ss were told to say ‘Now’ into a microphone when the 
noise level was at the point of becoming aversive, annoying, and bothersome. 
For the descending-noise series, they were told to say ‘Now’ when the noise 
level was at the point of no longer being aversive and annoying. 

The adaptation-noise levels used were 70, 85, 95 and 110 db. (+1 db, re 
0002 dynes/cm?). The range of noise used for the test series was either 
80-95 db. or 50-110 db? The manner of presentation of both adapting and 
test stimuli was as follows. The adaptation-noise level was attained by turn- 
ing up the amplitude from a standard level of 50 db. at different rates of 


ient to demonstrate 


LI " 
The upper noise amplitude of 110 db. seemed del and physio- 


adaptation effects while remaining within tolerable psych 
gical limits. 
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increment for different adapting stimuli (Table I). When the proper adapta- 
tion level was reached, the noise was left on for varying intervals depending 
upon the amplitude of the adapting stimulus (Table I). Following the turn- 
ing off of the adaptation noise in the ascending trials, white noise was in- 
creased from the standard 50-db. level over 60-, 90-, and 120-sec. intervals 
to a level just beyond that considered by the S to be the minimally aversive 
level, and then it was turned off. A rest period of 2 min. followed each 
trial. In the descending series, following the turning off of the 70- or 85-db. 
adapting stimulus, the test noise was turned on at 50 db., rose to 95 db. in & 
2-sec. interval, and then decreased to a point just beyond that considered 
by the S to be the minimally aversive level. The same procedure was fol- 
lowed for the 95- and 110-db. adaptation levels, with a rise time of 3 sec. to 
the 110-db. level. Thus, the upper anchors in the descending series differed, 
from 95 db. for the 70- and 85-db. adaptation levels, to 110 db. for the 95- 
and 110-db. adaptation levels? The procedure is outlined in Table I. 
Using a mixed-models design? Ss were given two ascending and two 
descending trials for each adaptation level. Times of ascent and descent were 
balanced, then randomized over trials. All Ss were tested over & period of 


a month with an interval of approximately a week intervening between ses- 
sions. 


TABLEI 


ADAPTATION AND Test PROCEDURES 


Test stimuli 
Adaptation stimuli Ascending series Descending series 
` Adapta- 
Pe e a e ea 


ge te : rate 


710.752 12 50—MAT  .5-2 22 95—5MAT  .52 


8 3 8 50>MAT  .52 2 
; 25 952MAT  .5- 

M : 6 S0-MAT 52 3  110-2MAT -5-2 

4  bB-MAT  .52 3  1109MAT .52 


Note: All db. values 
figures. 


are approximate E L db. re .0002 dynes/om'; ascent and descent rates 


RESULTS 


Means, standard deviations, and coefficients of variation for 
ascending and descending judgments of the minimal aversion 


10 The use of the different upper anchors, ding 
i i , 95 and 110 db., for the descen 
trials was necessitated by the possibility that if 110 db. were used for 


70- and 85-db adaptation series i i i the 
deptiva stats REN es it might have considerably altered 


11 Q. McNemar, Psychological Statistics, 1962. 
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threshold for white noise at the four levels of adaptation are 
presented in Table II. Mean differences between ascending and 
descending judgments for each level of adaptation were greater 
than mean differences across adaptation levels within the ascend- 
ing or descending series. Both absolute and relative measures of 
variability of judgments suggest a substantial series effect in the 
judgments of threshold. 

Table III presents a three-way analysis of the variance of the 
judgments (four adaptation levels; ascending versus descending 
series; subjects). Difference in the judgments of the threshold 
were significant for each of the four adaptation levels [F (3, 57) 


TABLE II 


MzaNs, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION OF 
JUDGMENTS AT Four LEVELS OF ADAPTATION 


Adaption level 


I Jy eae RIDE t 
Series 70 db. 85 db. 95 db. 110 db.t 

Ascending 

Mean judgments 79.9 80.2 84.9 84.2 

Standard deviations 10.3 9.2 8.3 8.2 

Coefficients of variation 12.9 11.5 9.8 9.7 
Descending 

Mean judgments 87.5 . 98.8 | 93.8 92.6 

Standard deviations 4.3 3.9 5.2 6.1 

Coefficients of variation 4.9 4.4 5.5 6.6 


Lbieticionts of variation: FONAS 


Note: N (Ss) = 20; total judgments = 320. 
T All values = 1 db. re .0002 dynes/em?. 


TABLE III 


ANALYSIS OF VARIANCE 


a — 0 7 De M Me 
Subjects (A 19 pd 
Series (B) 1 2,822.4 pam 
Misptation. level (C) : p Te 
x 1 ; : 
1*5 57 17.1 P: 
B x C 3 3.2 T 
ÁXBxG 57 13.31 
Total 159 


T MS error term 

tee x 
zx .001. 
p .005. 
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= 18.6, p < .001]. Differences between the ascending and descend- 
ing series were also significant [F (1, 19) = 31.6, p < .001]. 

Matched-pair tests of the difference between mean judgments of 
the threshold at the four adaptation levels for both ascending and 
descending series indicated insignificant differences for the 70- 
85-db. and 95-110-db. comparisons. The 85-95-db. comparison was 
significant for both ascending and descending trials [ascending, 
t (19) = 4.12, p < .001; descending, t (19) = 9.61, p < .001]. 


DISCUSSION 


The results indicate that different adaptation levels significantly 
influenced judgment of the minimal aversion threshold for white 
noise. However, the effect was not an increasing monotonic func- 
tion of the adaptation level. Thus, while a difference of 10 db. in 
adaptation level (85-95-db. comparison) significantly altered 
judgments in both ascending and descending trials, differences of 
15 db. (70-85-db. and 95-110-db. comparisons) did not alter 
the judgments. In terms of the previously reported mean annoyance 
or aversion threshold of 85 db.,!2 and of the overall mean in the 
present study of 86.5 db., the significant effect of the adaptation 
noise may have been dependent on whether the noise was above 
or below a subjective level of aversiveness. It may be that the 
relative effect of adaptation on judgment of a threshold of noise 
aversiveness diminishes as adaptation levels increase or decrease 
from the intensity range of 85-95 db. Furthermore, the effect of 
adaptation on judgment of the threshold seems to have been less 
than the effect of series. For example, the maximum mean difference 
between adaptation levels (6.3 db., 70-95-db. comparison, descend- 
ing series) was less than the maximum mean difference between 
ascending and descending judgments within an adaptation level 
(8.9 db., 95-db. adaptation level). The coefficients of variation 
also indicated that the series effect was greater than the adaptation 
effect. The series effect was independent of the adaptation effect 
(Table III; B X C interaction term insignificant). Consequently, 
the present findings suggest that a minimal aversion threshold for 
white noise could effectively be specified for rather broad ranges 
of adapting noises. However, the results further indicate that such 
a specification might not be reliable or valid if ascending and 
descending judgments of MAT noise were combined and averaged. 


12 Spieth (n. 4) ; Sullivan (n. 4). 


amplitude required to obtain a shift in 
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The significant effect of series may have been due to the anchor 
stimuli used in the present study (50 and 110 db.) or to subjective 
attitudes toward the judgment. Since the lower and upper anchor 
values were the same for each adaptation level, it would appear that 
while anchoring may have contributed to-the significant series effect, 
its influence was not as great as that suggested in the difference be- 
tween ascending and descending judgments. It seems likely, in terms 
of the coefficients of variation, that the series effect derived from the 
ease with which the subjects could demarcate the aversive range 
from the nonaversive range of noise stimuli. That is, when a sub- 
ject is presented with a nonaversive noise that is gradually in- 
creasing in amplitude, he must, in a sense, anticipate when the 
noise will become minimally aversive or annoying. However, 
when the level of noise is already within an aversive range and is 
gradually diminishing in amplitude, the judgment of the absence of 
the attribute of aversiveness is more readily accomplished. Sub- 
jects in general have had more experience avoiding noise sources 
that are aversive and overload the system. They would appear to 
be better discriminators of when the overload has been removed 
than of when the overload is beginning to approach some upper 
limit of the auditory system. 

The subjective appreciation of an overloading of the auditory 
system may parallel physiological changes occurring due to altera- 
tions in the mechanics of the middle ear, impulse integration in the 
cochlea, or central factors. Thus, mechanically, the two middle-ear 
muscles that pull the drum and stapes, and permit accommodation 
of wide ranges of amplitude, could be in part responsible for the 
judgment of auditory aversiveness. These middle-ear muscles are 
analogous to the muscles that control the iris. It may be that 
Bourassa and Wirtschafer’s finding (see n. 5) that muscles of 
the iris were not entirely responsible for the judgment of visual 
(brightness) discomfort could be applicable to the contribution of 
the middle-ear muscles to the judgment of auditory annoyance. 

The judgment of auditory aversiveness occurs well below the 
the axis of rotation of the 
stapes.14 This suggests that the major factor in the appreciation of 
aversiveness of sound within the range of approximately 85-120 
db. could be neurological. Noises below this level would be judged 

1G, von Békésy and W. A. Rosenblith, The mechanical prop 


ear, in S. S. Stevens (cd), Handbook of Experimental Psychology, 
4G. von Békésy, Experiments in Hearing, 1960, 112-113. 


erties of the 
1951, 1085. 
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aversive if the adaptation-noise level was low and the test noise 
was presented suddenly (impact stimulus). The aversiveness of 
the lower noise amplitudes would depend on the relative increase 
in amount of neuronal activity. The aversiveness of the higher 
amplitudes would depend on both the nature of stimulus presenta- 
tion and the relative ability of the system to accommodate such 
amplitudes. Thus, while lower amplitudes than 85 db. could be 
experienced as aversive, adaptation to the noise would be accom- 
plished within a short period of time, and the noise would no longer 
be experienced as aversive. With the high amplitudes the adaptive 
capacity of the auditory system would be limited and the aversive- 
ness of the noise would be experienced throughout its duration. 
Below the level of approximately 120 db., ‘cerebral’ factors (e.g. 
& job in a very noisy factory) could inhibit the reaction to the 
noise. Above that level, however, inhibition of averting responses 
would become increasingly difficult. 

The action system responsible for the averting reactions in re- 
sponse to pain stimuli suggested by Melzack and Wall (n. 1) may 
also be responsible for the averting reactions to noise stimuli. 
That is, while these systems would have independent projection 
areas, they might share with other intensive sensory systems & 
common central structure responsible for the startle and averting 
Tesponses as well as the accompanying affect states. Thus, when- 
ever there was a sudden increase in the relative level of activity 
in any of these systems, or when the stimulation approached the 
upper load limit of the system, the balance of activity in the action 
system would be altered and an averting response would occur. 

If a common psychological scale of aversiveness were to be 
found for differing sensory systems, it would lend support to the 
hypothesis that levels of activity in macrocerebral structures are 
related across sensory modes, and it would supplement the evidence, 
from Green and Arduini’s recordings from hippocampal regions, 
for example, that different sensory systems seem to share certain 
general effects./5 The attempt to relate physiological measures to 
psychophysical judgment* would also be more readily accomplished 
if a common scale were shared by different intensive modalities. 


15 J, D. Green and A. A. Green, 
J. Neurophysiol., 17, 1954, 533-557. 


19 H, D. Kimmel, Equating sti ; sor R, 
Paychon. Bok, 12100,9085 Seem BF Meana of the GE 
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TEMPORAL SHIFTS IN THE VERBAL BEHAVIOR 
OF INTRODUCTORY PSYCHOLOGY STUDENTS 


Tuomas W. TunNAGE, University of Maryland 


Abstract. A series of three studies using association and paired-associate 
earning tasks with course-related materials showed that both changes in 
erbal responsiveness’ and opportunities for associative interference were 
Occurring over the semester in the population sampled. Some general impli- 

tions of these findings for studies using similar pools of subjects and for 
Studies of retroactive mechanisms in long-term retention are briefly considered. 


| 


The classroom situation is one in which the student is systemati- 
F cally exposed to course-related material in a more or less ‘natural’ 
linguistic environment, and where he is periodically examined for 
behavioral changes that reflect learning and retention of such items. 
Thus, the classroom can be compared to the laboratory situation in 
“Which a subject is also required to learn and recall materials to 
Which he has been systematically exposed; even though the lin- 
guistic situation in the laboratory is somewhat more ‘artificial’ and 
the practice sessions are shorter. This comparison suggests that the 
Use of course-related materials as stimuli and of students in the 
Course as subjects provides a means of examining two topics © 
general importance to researchers in verbal behavior. The first of 


these relates to artifacts that may be introduced into the experi- 
Mental situation when subjects, especially those from the intro- 
different intervals in 


ductory course in psychology, are sampled at 
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the term;! and the second concerns the role of relatively long-term 
retroactive mechanisms, as opposed to proactive ones, that may act 
on verbal materials with different probabilities of occurrence in the 
subjects linguistic environment.? These considerations provided the 
major impetus for the three studies reported in this paper. 


METHOD 


Subjects. Over a period of three semesters, a total of 592 Ss, fulfilling a 
requirement of an introductory course in psychology at the University of 
Maryland, participated in the experiments. Of these 592, 314 Ss were used in 
Experiment I, 158 were used in Experiment II, and 120 in Experiment III. 


Materials for Experiments I and II. The general pool of experimental 
materials was composed of psychological terms, which were selected from the 
vocabulary sections of textbooks for the introductory course in psychology, 
and control words. The control words did not appear in the vocabulary 
sections, but they matched the psychological words on the basis of part of 
speech, number of syllables, initial letter, and ‘L’-count values? This gave 
a pool of approximately 150 words. Each of these words could be characterized 
as either high-frequency psychological, high-frequency control, low-frequency 
psychological, or low-frequency control, The median ‘L’-count values for the 
low-frequency psychological and control words were 2.9 and 32, while for the 
high-frequency psychological and control words they were 783 and 804. 

Eight-page booklets containing two different high-frequency psychological 
and two different low-frequency psychological words and their appropriate 
control words—with one word per page, and with pages randomly ordered— 
were presented to Ss for free-association tests, with 60 sec. allowed for asso- 
ciating to each word on a page.t There were 16 different exemplars of the 
basic booklet, involving 128 different words, and an attempt was made to 
use these different booklets equally often at each time of testing. 


f Procedure for Ezperiment I. At the beginning of the semester, Ss were 
‘tested in their discussion sections by their discussion leaders, with 8 discus- 
eee cee pod rcg semester's end—three months later—11 different 

ere in the sam m th 

N for the first test, e manner to secure an additional 157 Ss, the 

eto Jor Experiment Il. The same procedure was followed as in 
Prae I except for the variation that the same Ss were tested with 
i n pes at the end of the semester. Thus, since a different booklet 

was ui y a given S for the two tests, his second association task was not 


1B. J. Underwood, E. Schwenn, and G.K i 4 

A SE ODE - Keppel, Verbal learning as relate 

Ripe of time in the school term, J. verb. Learn. verb. Behav., 3, 1964, 

2 B. J. Underwood and L. Postman, E i i ms 
in forgetting, Psychol. Rev., 67, 1960, oC eee 
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simply a ‘retention’ task. Of the 158 Ss used in the first test, 38 were unavail- 
able for the second test. 


Procedure and materials for Experiment III. The purpose of this experi- 
ment was to magnify potential interference effects over time by using a 
paired-associate learning task involving an A-B, A-Br design. Two judges 
mlected 20 pairs of ‘appropriate’ associates (A-B pairs) from the pool of 
psychological words (e.g., validity-reliability, paranoia-psychosis). Median 'L'- 
count values for A and B items respectively were 0 and 56. These A-B pairs 
were then divided into two lists of 10 pairs. The resulting lists of paired 
associates were judged to be comparable in terms of type of pairs (eg. 
‘dinical, ‘statistical,’ etc. Two corresponding lists of A-Br pairs (eg. 
validity-psychosis, paranoia-reliability) were formed by re-pairing the response 
terms of the A-B lists, Unfortunately, due to a procedural error, only 7 
of the 10 A-B responses were used in the re-pairing. However, the remaining 
3 responses on each of the A-Br lists were judged appropriate’ for the 
stimuli with which they were paired and, therefore, did not seriously affect 
the experimental design. Three random orders were assigned to the pairs for 
the four experimental lists. N à 

The pairs from a given list were presented by means of a slide projector 
at a 2-sec. rate. Then, the stimulus terms were presented alone at a 3-sec. 
tate (study-test method), during which time the Ss wrote the responses. 
There was a 10-sec. intertrial interval between trials, and each S had six 
acquisition trials on the same list. 

There were 80 Ss tested for the first time at the beginning of the semester, 
and 40 different Ss tested for the first time at the end of the semester. The 
Ss were tested in groups of four to six, and the groups were assigned to 
experimental conditions, on the basis of random numbers, as they entered the 
laboratory. Of the 80 Ss tested at the semester's start, 59 (74%) returned 
for a second test, which was a relearning task. The 21 Ss who failed to return 
Were from groups scattered across all experimental conditions. 


RESULTS 


Changes in m over time. Table I shows the mean number of asso- 
ciations, or m, as a function of the various experimental conditions 
in Experiments I and II. Note that m. generally showed an absolute 
increase over time for all types of words and that the usual direct 
telationship between frequency and m obtained (see n. 4). > 

Two separate analyses of variances for the experimental results 
shown in Table I indicated that time was a reliable source of varia- 
tion in Experiment I [F (1,312) = 6.21, p < .05] and in mus gH 
I [F (1,119) = 11.40, p < .01] but did not interact with type a 
Word (psychological versus control) nor with frequency 1m sica 
hese experiments (Fs < 1.08). Frequency, of course, was & signil- 
tant source of variation in both Experiment I [£ (1,812 = 59031, 
P< 01] and Experiment II [F (1,119) = 34460, p « 01]. 
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TABLE I 


Mean NUMBER OF AssociaTIONS PER ITEM AS A FUNCTION OF 
EXPERIMENTAL CONDITIONS: EXPERIMENTS I AN» II 


High-frequency words Low-frequency words 


Time of test. Psych. Control Psych. Control 
Experiment I 
Beginning of semester 8.92 9.62 6.97 6.92 
End of semester 9.46 10.49 7.68 7.69 
Experiment II 
Beginning of semester 9.04 9.36 7.17 6.27 
(9.04) (9.95) (7.22) (6.49) 
End of semester 9.30 9.81 7.80 8.86 


Note: Means in parentheses are for subjects who were not available for testing 
at the end of the semester. 


Paired-associate learning. In order to attenuate any effects of 
subject selection over the semester, the following procedure was 
followed before the initial data analysis for Experiment III. Of the 
59 subjects who returned at semester’s end for their relearning task, 
40 were selected to be compared (on their initial test) with the 40 
subjects tested at semester’s end. Selection from among the 59 was 
by random numbers with the restriction that there be 10 subjects 
for each of the four experimental lists used. Table II shows the mean 
performance for the resulting pool of 80 subjects as a function of 
the basic experimental conditions. 


TABLE II 


MEAN rom or PAIRS Correct PER TRIAL as A FUNCTION OF 
XPERIMENTAL CONDITIONS: Experiment III 


Time of test 


Beginning of semester End of semester 

Beginning of semester End of semester — 
Trial A-B lists A-Br lista A-B lists A-Br lists 
Thal Bliss ^ ABrlss © A-Blists A-Drlst 

1 4.75 1.80 4.00 0.80 

2 6.30 3.70 5.75 2.70 

3 7.80 5.25 7.35 3.75 

4 8.75 5.85 8.15 4.50 

5 9.20 6.50 8.50 5.20 

6 9.05 7.50 8.60 6.05 

Col. means 7.04 5.10 7.06 3.83 
—_————— Č —Ó HÀ 
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An analysis of variance for the data in Table II indicated a reli- 
able drop in the paired-associate learning rate over the semester, 
with the mean per trial being 6.37 at the beginning of the semester 
and 5.44 at the end of the semester [F (1,76) = 4.78, p < .05]. In 
general, A-B lists were learned faster than A-Br lists; with the re- 
spective means being 7.35 versus 4.47 [F (1,76) = 45.46, p < .01]. 
Thus, even early in the semester, the subjects showed difficulty 
learning ‘inappropriate’ pairs. The effect of trials was also signifi- 
cant [F (5,380) = 155.19, p < .01], as would be expected. How- 
ever, none of the remaining sources of variation was reliable (Fs < 
2.00), although the interaction of time and lists was in the expected 
direction (see Table II). 

The relearning data for subjects returning from the first test 
were not of direct interest in the present study and are not reported 
in detail. However, it may be noted that there was evidence for re- 
liable drops in retention performance over the semester—with A-Br 
performance on the first relearning trial being poorer than that for 
A-B lists—and for substantial savings in relearning. The more rapid 
forgetting found for the A-Br lists is, of course, difficult to interpret 
in light of the differences in original learning that also obtained 
(see Table II). 


DISCUSSION 


Verbal responsiveness. It seems quite clear that changes which 


- might be described generally as increases in ‘verbal responsiveness’ 


to 


occurred in the subjects over the course of the semesters involved 
in Experiments I and II. However, the precise causes of these 
changes are far from apparent. One possibility to be considered is 
that the temporal shifts in m values reflect the ‘well-known’ fact 
that subjects who are ‘available’ at semester's end have been se- 
lected on the basis of ability, and that this is correlated with per- 
formance in tasks like those used in the present studies. Be that as 
ìt may, such an explanation does not seem adequate for the present 

ta for two reasons. First, more than 75% of the original sample 
Was retested in Experiment II, thus minimizing factors of subject 
selection; yet, changes in m values in this study were comparable 
those found in Experiment I, where subject selection might have 
n a more important factor. Second, those 38 subjects who were 
not available for retesting in Experiment II (see Table I) tended 

ward higher m scores; thus, it seems likely that the increases m m 
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noted would have been even greater had these 38 subjects been 
‘recaptured.’ (It may also be noted that an unpublished study in 
this series, not included in this report, indicated general increases 
in m when 9596 of the original sample of subjects was retested.) 

Correspondingly, however, one must consider the possibility that 
the temporal shifts in Experiment II reflected either (a) specific 
‘skills,’ learned during the first test, that persisted over three months 
or (b) general transfer effects resulting from the fact that the sub- 
jects had previously participated in this experiment, and possibly 
*outside' ones, because of the requirements of the course. These al- 
ternatives also fail to be convincing. 

The specificity explanation could not obtain, of course, for Experi- 
ment I, and it does not seem likely for Experiment II because of the 
similar trends over the three-month period for both experiments 
and the long intertest interval involved. The general transfer ex- 
planation is not as easily dealt with on the basis of the present data. 
However, this explanation also seems unlikely when we consider the 
finding of Underwood et al. (n. 1) that performance on a paired- 
associate task was virtually identical for subjects tested during 
the first half of the term, when they had no prior laboratory ex- 
perience, and for subjects tested during the second half of the term, 
when they had one or two previous laboratory experiences (not 
verbal-learning experiments). Of course, there are important differ- 
ences between the present methodology and that of Underwood et 
al, which must be considered. Nevertheless, general transfer ef- 
fects do not appear to be critical factors in the present experiments. 


Temporal changes in paired-associate learning. The next point of 
discussion is the discrepancy between present learning trends over 
time for the paired-associate data and the negative findings for such 
trends reported by Underwood et al. (n. 1). The most obvious reason 
for the discrepancy is that the present study used experimental ma- 
terials especially selected to make it likely that the subjects would 
encounter them in learning situations over the course of the se- 
mester. As noted before, the purpose of such selection was to investi- 
gate the feasibility of detecting retroactive effects of linguistic €x- 
periences on verbal behavior, by using course-related material of & 
highly specific nature. If such a technique is fruitful, it may be 
quite useful for theoretical purposes, since logical considerations 
and certain inherent limitations of laboratory tasks have led to 8 
contemporary focus on proactive transfer in the analysis of for- 
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getting (see n. 2). Happily, Experiment III offered some evidence 
for the success of such a strategy, as the data in Table II indicate. 
Note especially the extremely poor performance of the A-Br groups 
at semester’s end. 

As were the m data, the temporal changes in paired-associate 
learning are difficult to explain by simply assuming that subject- 
selection factors were involved. This ‘selection’ explanation seems 
| especially unlikely for the data on the learning of paired associates, 
since (a) all comparisons involved only subjects who were available 
for testing at the end of the semester and (b) the direction of the 
learning differences over time was the reverse of what would be 
expected if superior learners were being ‘selected for’ over the course 
of the semester. Considering the report of Underwood et al. (n. 1), 
- it also seems unlikely that ‘motivational’ changes in the subjects 
who were available for experiments at semester’s end could explain 
the present data. Therefore, alternative explanations must be con- 
sidered. A likely one is that the observed changes in the learning of 
paired associates reflected—at least in part—associative interfer- 
1 ence deriving from the subject’s increased 'verbal responsiveness' 
| (increased vocabulary?). 


Temporal changes in general versus technical associations. In an 
attempt to isolate specific verbal mechanisms that might be respon- 
sible for deterioration in A-B and A-Br learning over the semester, 
the associations from Experiment I were selected for further analy- 
sis, It was hoped that these data would be minimally influenced by a 
set on the part of the subjects to give particular classes of associ- 
ations or to recall particular examples of associations as a function 
of prior testing. Two judges sorted the associations into two cate- 
Bories: namely, (a) psychological associates and (b)  nonpsycho- 
logical associates. The means resulting from this analysis are shown 
in Table III as a function of type of stimulus word (psychological 
Versus control) and time of association test. teli: 

The means in Table III show that psychological stimuli elicited 
More psychological associates than did the control stimuli, "a 
Was to be expected; and that the bulk of the associates to bot 


Psychological and control stimuli were of the nonpsychological 


i r i lly 
variety, hological associates were genera 
ety. However, these nonpsycholog) AR mem 


Quite ‘relevant’ ones (e.g, money, award, deed, 
associates to reward), and they did not seem to be the ave ^ = 
tensive ‘chaining’ of associates (n. 4) by the subjects. OF grea 


à 
: 


TABLE III 


Mean NUMBER or PSYCHOLOGICAL AND NONPSYCHOLOGICAL ASSOCIATES 
AS A FuNcTION OF Time AND Type or STIMULUS Worp: EXPERIMENT I 


Psych. stimulus words Control stimulus words 
Psych. Nonpsych. Psych. Nonpsych. 
Time of test associate associate associate associate 
Beginning of 
semester 2.56 5.38 1.69 6.58 
End of 
semester 2.57 6.00 1.88 7.21 


importance is the finding that nonpsychological associates increased 
over time for both psychological and control stimulus words, as if 
reflecting a general change in verbal responsiveness not directly re- 
lated to course materials. Although not expected, this outcome 
was consistent with the finding (Experiment III) that paired-as- 
sociate learning was generally depressed over time when psycho- 
logical words were used as the stimuli. The implication, of course, 
is that the number of nonpsychological associates increases over 
time and hence provides sources of associative interference in situa- 
tions like the one being considered, 

f Although the data in Table III flatly deny that there was any 
sizable increase in the number of psychological associates to psy- 
chological stimuli over time, they do provide indirect evidence for 
an increase in the strength of such associations when considered 
with the paired-associate data in Table II. That is, the constant 
superiority of A-B versus A-Br learning over the semester—with 
the suggestion of a relative increase by semester’s end—may mean 
that A-B strength was increasing, and not just ‘holding its own’ in 
the face of interference from nonpsychological associates. Such an 
interpretation is at least not improbable, and it may be reassuring 
for many course instructors. 

In conclusion, the subject, population sampled in the three ex- 
periments appeared to be ‘different,’ or at least more ‘verbally re- 
sponsive,’ at semester’s end. Whether such ‘differences’ might in- 
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troduce artifacts into experiments that use similar subjects sampled 
at different points in time would seem to depend on the nature of 
the experimental problem, materials, and method. Of greater po- 
tential importance for our present purposes is the fact that such 
temporal ‘differences’ in verbal repertories might be used to good 
theoretical advantage in examining the role of intervening linguistic 
activities on previous or subsequent verbal-learning tasks. 


NOTES AND DISCUSSION 


THE SIXTY-SIXTH ANNUAL MEETING OF THE 
SOCIETY OF EXPERIMENTAL PSYCHOLOGISTS 


The sixty-sixth annual meeting of the Society of Experimental 
Psychologists was held at the University of Pennsylvania, Phila- 
delphia, on April 10 and 11, 1970. Richard Solomon, Chairman of 
the Society for the year, presided at the business meeting and at 
sessions for the presentation of scientific papers. 

Thirty-eight members and fellows were present: Amsel, Blough, 
Cofer, Eriksen, Estes, Geldard, E. G. Gibson, J. J. Gibson, Grant, 
Green, Grice, Hess, Hirsh, Hochberg, Humphreys, Hurvich, Irwin, 
Jenkins, Kamin, Kappauf, Kendler, Kessen, Kimble, Lindsley, 
Luce, Mandler, Meyer, Morgan, Pratt, Ratliff, Riggs, Solomon, 
Stellar, Teitelbaum, Thomas, Underwood, Volkmann, and Wickens. 

Dorothea Jameson Hurvich, Alvin M. Liberman, Ulric Neisser, 
and Karl Pribram were elected to membership in the Society, 
bringing the total to 73 members and 41 fellows. 

Reports of research were presented in scientific sessions on both 
days of the meeting. The Warren Medal for 1970 was awarded to 
Daniel Lehrman “for his impressive program of research showing 
the interaction between hormonal and behavioral factors in the 
timing of a series of courtship, reproductive, and infant care ac- 
tivities in the ring dove." 

The Society accepted the invitation of the University of Colorado 
to meet in Boulder, Colorado, in 1971. Gregory Kimble was elected 


Chairman for 1970-1971. Carl Duncan was elected Secretary-Trea- 
surer, 


WiLLIAM E. KAPPAUF, SECRETARY; 
University of Illinois at Urbana-Champaign 
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SELECTIVE ATTENTION AND EVOKED POTENTIALS. By Rısro 
Näätänen. Helsinki: Suomalainen Tiedeakatemia, 1967. Pp. 226. 


The monograph is not so important a form of scientific reporting as it once 

was. It is true that monographs do appear regularly, but these are usually 
subject to the same constraints as are journal articles. They are just larger. 
Their authors may not be too speculative. They must not take too much time 
to tell us about the history of their subject. And they often use statistical 
tests as substitutes for closely reasoned and satisfying treatments of the proc- 
esses that might underly the phenomena forming the subject matter of the 
Monograph. Of course, there are notable exceptions to this trend. Nààütünen's 
monograph is close to being one of these exceptions. 
- Niüátünen takes the time to develop fully the reasoning underlying his ex- 
periments and those of previous authors. He is also willing to speculate about 
the implications of his results and their relationship to the results of others. 
He tries to be as clear as possible about what he did and why he did it. All 
of this makes for interesting reading. The failings of the monograph do not 
stem from Naütünen's failure to make full use of the medium. They are the 
failings from which we all suffer when we discuss the elusive problem of at- 
tention. 

The heart of the monograph is a set of three experiments done while 
Nüütinen was at Lindsley's laboratory. These experiments were designed to 
“provide a more adequate test of the notion that the evoked potential changes 
With selective attention. Stated baldly, it has been held that attention reflects 
the operation of a filter. If something is attended to, then signals arising from 
that stimulus are enhanced when they reach the cortex. If the stimulus should 
be presented while the subject is doing something else, then the signals it 
Produces are relatively attenuated. This is the well-known interpretation of 

ndez-Peón, and of many other investigators of the neural processes that 
underlie attention. The discovery by Dawson that it is possible to detect a 
stimulus-connected electrical response at the human scalp led to a spurt of 
enthusiastic attempts to show that analogues to the results that are obtained 
in experiments with animals may also be obtained with human subjects. 

The results obtained with animals are typified by the experiment of Her- 
Nindez-Peén in which potentials that are evoked in the cochlear nucleus of 
the cat, by clicks, are attenuated when a mouse is placed in the cat's field of 
View. This was construed to be an instance of selective attention, inasmuch as 
the cat’s attention to the click was distracted by the presence of the mouse. 
t was assumed that the neural activity produced by. the now-irrelevant stim- 
ulus (the click) was blocked at the receptor. Näätänen tells the story of such 
experiments very well. He also tells us about the devastating criticisms of 

se pioneering experiments—particularly those raised by Horn and his col- 
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leagues. Näätänen adds some of his own criticisms and makes an entirely 
convincing case that such results do not arise from the action of selective at- 
tention. He mentions many possible causes for such effects. One of them is 
the visual search behavior of the animal when a novel stimulus is introduced. 
Another is the possibility that the ascending reticular activating system sim- 
ply changes the state of the animal's brain and causes the evoked response to 
diminish. He argues that the only proper experiment would be one in which 
the brain response to the novel stimulus is measured while the response to 
the click is measured. Selective attention should cause the response to a stim- 
ulus to be higher when the stimulus is novel than when the same stimulus 
is no longer novel. Also, the response to the ongoing and irrelevant stimulus 
should be depressed. Näätänen cites experiments which suggest that this is 
not the ease. During arousal by some novel stimulus, all evoked responses 
are altered in the same way. Usually these responses in animals are dimin- 
ished by the introduction of novelty, but sometimes they are uniformly ele- 
vated. All in all, the results of animal experiments have failed to give us 
conclusive evidence for the presence of a selective filter. Näätänen reasons 
that perhaps it is really too hard to tell if a cat is or is not paying attention. 
The human could be a better ‘preparation,’ 

Tn humans, the measurement of the evoked potential requires the use of 
signal averaging. Responses evoked by a stimulus are hidden in the back- 
ground EEG activity. They cannot be seen in any detail when recorded one 
Tesponse at a time. One way around this problem is to superimpose the 
epochs of EKG activity that follow immediately after each stimulus presenta- 
tion. I, as assumed, the response has a largely constant phase lag after the 
stimulus, it would tend to add up as succeeding epochs of EEG activity are 
added together. The background EEG activity, however, does not necessarily 
have a constant phase relationship to the stimulus. Hence, from one epoch to 
ba the i trains of EEG activity would change phase and tend 
pus eee In this way the unwanted signals comprising the 

(the noise’) are attenuated relative to the wanted signal of the evoked 
potential. This should allow us to get a picture of the average, and hopefully 


ae response of the organism to the stimulus, if we stimulate often 


In a typical experiment, the subject would have to detect an occasional 


dim flash of light in a train of otherwise bright flashes, It is obvious that if 
he does this, then he is paying attention to the flashing light. At the same 
time, the subject could be stimulated with trains of clicks. He need not pay 
attention to the clicks. Then the situation would be reversed. The subject 
would have to detect a lower-intensity click and the light flashes would be 
irrelevant. If selective attention works, then the bigger responses should occur 
to those stimuli to which the subject is paying attention. Such results were 


Wide Spong and his Associates in an experiment described anew by 


Näätänen likes neither the experiment by Spong et al. nor many other 
experiments which appear on first reading to reflect the operation of & selec- 
tive filter. The basis for his dislike is that in many cases the stimuli were 
presented periodically. Hence the subject could anticipate the occurrences 
of relevant stimuli. This anticipation or preparatory reaction could lead by 


itself to differential enhancement of the evoked response. Näätänen likens 
anticipation to a generalized arousal reaction similar to that which underlay 
the results of Hernández-Peón. Such a generalized reaction would not be 
sensory-specific and it would not be stimulus-specific, Näätänen fails to note, 
however, that in the Hernández-Peón experiment the evoked responses were 
generally diminished, while in the human work the hypothetical general 
process leads to a heightening of the response. He does not discuss this dif- 
ference. Nevertheless, some general process could be the basis for the human 
results. 

To remedy the faults he found in the earlier work, Näätänen did some ex- 
periments of his own. In one experiment he used procedures similar to those 
employed by Spong et al. The only difference was that he randomized the 
order of stimulus presentation, thus removing the possibility of a consistent 
arousal or preparatory reaction. This seems to have destroyed any selective 
effect: irrelevant clicks gave as large a response as relevant clicks as long as 
the subject was paying attention to something, even a light flash. In another 
experiment, Näätänen presented clicks in a regular temporal sequence and 
found that relevant clicks were more likely to produce a larger response than 
were irrelevant clicks. This procedure allowed anticipation to oceur. 

To support his idea that such results are due to a general effect of arousal 
rather than that of selective attention, Näätänen points to the fact that the 
enhancement effect consists largely of a change in the low-frequency compo- 
nents of the evoked response complex. It can be proven that any periodic 
function may be considered to be the sum of many simple sinusoids, It is the 
low-frequency components of the complex wave comprising the evoked re- 
sponse that contribute most of the enhancement effect. A slow negative shift 
in the EEG has been found to be a correlate of arousal. Also, gradual in- 
creases in cortical excitation are associated with activation by the reticular 
system. This leads to the suspicion that the enhancement effect may be as- 
sociated with the CNV being superimposed on the evoked potential. : 

The experiments done by Näätänen were ingeniously designed and skill- 
fully executed. The reader can learn something about craftsmanship from this 
Monograph. Nüütünen is a perceptive observer of his science and has pointed 
out potential pitfalls in the conduct of evoked potential studies. On the con- 
ceptual level, however, he is somewhat less than satisfactory. Lest these last 
few words be misconstrued, let me hasten to say that I admire his mono- 
graph very much. It will play an important role in the study of electrical 
phenomena associated with attention. My reservations stem from a deep- 
seated discomfort with the whole idea of using evoked potentials to study 
attention. ; m 

One of my reservations stems from the fact that electrical brain activity 18 
very complicated. One does not quite know what to measure. There is no 
theoretical basis for saying that this or that component of the evoked poten- 
tial is relevant, while some other component is not relevant. It js all very 
empirical at this point in history. Also, different stimuli may give very dif- 
ferent results. Riggs and Whittle once did an experiment on binocular rivalry 
and failed to find an effect when the field was flashed on and off. I also did 
this experiment, and so did Cobb and Ettlinger. More recently, however, & 
number of experimenters using a different kind of visual stimulus have found 
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a strong effect of binocular rivalry on the evoked potential. Similarly, how do 
we know that if different and more complex stimuli were used, an effect of 
selective attention would not appear? That is the trouble. There are just too 
few grounds for making general statements from experiments in this field. 
Suppose that in some experiments an effect of selective attention were to 
be found. I am reasonably certain that the subject could tell us if he were 
more or less attentive. He might even give an estimate of the magnitude of 
his state of attention. Has any new information been obtained by measuring 
the evoked response? This reviewer is hard-pressed to answer why it is 80 
much more impressive when a wave reflecting a voltage change correlates 
with a stimulus than it is when a subject behaves in some other fashion in 
response to the stimulus. Näätänen does not answer this question either. 
One of the basic problems of science is to learn to ask the right questions— 
questions that will be fruitful in suggesting some deeper understanding of the 
phenomena being studied. Titchener once taught that attention is merely the 
degree of clarity of a sensation. This is really the filter theory and it was 
stated long before psychologists acquired engineers’ terminology. Evoked re- 
sponses, behavioral indexes, and recent work on the arousal systems really 
tell us very little more about the fine structure of the hypothetical filtering 
process than that there is more or less excitability or responsiveness to some 
elements of a situation. In most of these studies it appears that the authors 
assume that attention affects incoming signals—that it has its influence on 
the Sensory side of things. Yet the band pass of the sensory system is truly 
astounding. Also, responses transmitted along sensory pathways are detectable 
in anesthetized subjects, and only the slow waves are left out. These slow 
M Mu us about the complexities of mental life. They do 
denion tn this f rp een of freedom. Perhaps we are looking in the ki 
Un Ud e Pi inquiry. Perhaps attention involves a shifting ob te 
Pig tip te spss eid rather than a change in input activity. This s 
Nüütünen's i itivit i impressed workers in evoked potentials, It : 
of Norman ot Deci Ego possibilities. that gives me pause. The Mid 
tiger anil his colle and Deutsch, of Neisser, of Hochberg, and of eer 
attention. Ideas UE "xd to be very relevant to the problem of nm 
ship between aine e location of the filter, and about the han 
this monograph. An a dei to are conspicuous by their absence i 
demonstrate and measure the [fci Eenework Nghe yet per Rem 
been ruled out by Näätänen. ects of selective attention. This has no 


Litovo Kaurman, New York University 


PSYOEULOGIDES STRESS AND THE COPING PROCESS. By RicHAP 
; “azanus, New York: McGraw-Hill, 1966. Pp. 466, xiii. 


Nuls - bas was needed to bring order to the many diverse topics that 
His book i is title. Lazarus has given us a powerful and important = 
id ool is conceptually rather than methodologically oriented, and it$ e 
thi piee ioa RE of the psychology of stress in the broader context of the 
other research topies that have grown up alongside it: anxiety theory, StU jes 
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oriented toward Freudian defense mechanisms; studies of extreme situations; 
experimental studies of therapy; experimental analyses of aggression; the 
whole new tradition of social psychology oriented to emotion and to social- 
psychological pharmacology, along with the blooming research on the physio- 
logical and biological bases for these processes and on the relations among the 
psychological, physiological, and even sociological processes of arousal, stress, 
and adjustment (or ‘coping’). This book is written so that undergraduate 
students can enjoy it, and it is graced by inclusion of long and effective quo- 
tations from primary sources. All chapters have concise summaries, and the 
text is dotted with important distinctions and general principles carefully set 
off in italics. I have used the book for teaching with students whose first 
language was not English. They enjoyed the book and felt that it was clear 
and useful. 

This enjoyable clarity may be due, in part at least, to the self-conscious 
human bias taken by the book. Lazarus, though not opposed to a general 
theory of psychological stress that will hold for all animals, does not want to 
“eliminate categories which are prime theoretical tools for understanding the 
person” (p. 15). The theme, therefore, is to broaden the conceptual net in the 
direction of Magda Arnold’s phenomenological recommendations and to elabo- 
rate mediating processes whenever this is necessary to include the qualitative 
as well as quantitative differences that occur in the same person’s experiences 
in the same place at different times or under different conditions, and in dif- 
ferent persons’ experiences in different cultures. The general stance of the 
book is perhaps best revealed, and clearly controversially, when the author 
says, in adopting the human person as the point of reference, “that the most 
fruitful direction from which to understand psychological stress is through its 
most complicated instances rather than its simplest” (p. 18). There are none 
of the pretensions here of the hypothetical-deductive systems, nor is there any 
search for the kind of explicit theory that is palpably simplistic and vulner- 
able. 

The book first deals with the general topic of stress and its history in 
physiology, psychology, and other social sciences. Recognizing the confusion 
among levels of conceptualization of the topic (particularly the simplifications 
carried over into psychology from Selye's formulations), & terminology of 
stress is proposed and adhered to thereafter. ‘Stress’ becomes a collective 
term for an area of study rather than any part of a particular process. Psy- 
chological, physiological, and sociological levels are sharply and clearly dis- 
tinguished (later elaborations probably fail to reintegrate these levels ade- 
quately, but that is a task well left to other workers). Lazarus's own status, 
and the impact of the book itself, may just manage to achieve some stan- 
dardization of terminology in this area, and this alone would make the book 
worthwhile. 

When a “stress stimulus” has been psychologically “appraised” by an actor, 
it becomes a condition of “threat”: in fact, it is suggested that we use the 
term “threat stimulus” to refer to that which produces threat, to keep it 
clearly distinguished from a “noxious stimulus” at the physiological level. 
Activity that arises to deal (functionally) with threat is called “coping, ^a 
the “coping process(es),” and this coping intervenes between threat and ig 
observable response. Threat becomes a major intervening process in tms 
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scheme. The discussion focuses around two aims: to persuade us that "threat 
appraisal,” not “anxiety arousal,” is the important process and to place the 
problem of awareness in perspective with the help of several valuable exam- 
ples from the research. In dealing with the first of these aims, the criticism 
of anxiety theory includes a general criticism of associationistic approaches, 
largely on grounds of incompleteness, but also on the grounds that although 
Lazarus’s own rich array of concepts (which distinguish between many emo- 
tions, defenses, attacks, avoidances, etc.) can be translated back into “tradi- 
tional” terms, one is not led to these distinctions by associationistic thinking. 
In dealing with the issue of awareness, Lazarus, like Lewin, does not hold that 
threat appraisal need be conscious or in full awareness, and goes on to elabo- 
rate the bases of different levels of awareness. 

Next, in Chapters 3 and 4, Lazarus deals with the stimulus factors and 
personality factors that determine the appraisal of threat. The discussion of 
“stimulus factors” deals with some pretty complex matters, such as the ratio 
of the threat (as appraised) to the means for meeting the threat, and the 
conditions under which ambiguity is adequate or inadequate to permit threat 
to be appraised. The discussion of “personality factors” includes motivational 
characteristics, belief systems, and the intellectual resources of the individual 
appraiser. This chapter is particularly restrained, self-critical, and suggestive. 

So far, the conditions causing the primary appraisal of threat have been 
exemplified. Discussed next is the “process of secondary appraisal,” which un- 
derlies the selection of a coping strategy. This particular form of cognitive 
activity intervenes between threat and coping, to determine whether, for ex- 
ample, anger, fear, direct action, or defensive processes occur. The important 
aspects of secondary appraisal dealt with in Chapter 5 include the degree of 
threat and the factors in the stimulus configuration that determine which 
coping reaction occurs. This discussion, with relevant research examples, is 
followed by a discussion of the personality factors that are involved in sec- 
ondary appraisal and coping choice, ranging from motivation patterns, through 
ego resources and one's “coping dispositions,” and emerging with general be- 
liefs about the environment and one’s available resources. 

bu 7 shifts to a more systematic-classifieatory mode, and the author 
T "gs very interesting contribution in classifying coping-reaction patterns 
Kinds net that, underlie them. The analysis focuses on four main 
bila Miis cda (a) actions aimed at strengthening the individual's 
ol dione Een E IN (b) attack, (c) avoidance, and (d) defense, with each 
forma et ase edi a Lm into a number of subvarieties with their own 
ihe vafis Bt h erhaps these pages provide the most persuasive case for 

Cha e 9 ee otherwise fairly rococo conceptual scheme. 
ment eas. mito matters involved in the measure- 

: grace , g reported affects, motor-behavioral re 
pers » physiological reactions. These chapters provide middle-range stu- 
bus one fg with other specialties) a good glimpse at the problem and 
E pi nt 1 ra e of measurement in this area, and they include 

uction to the RI iologi 
neuen general problem of patterning in physiologic 

The book ends in a strongly integrative mode. Chapter 10 includes a neat 
flow-chart arrangement, which (consistent with the book’s general aims) out- 
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E es the flow of psychological stress and the flow of physiological stress (bor- 
‘Towing from Selye for this latter, of course). The parallels between these two 
general processes are outlined, while they are kept completely separate ana- 
lytically. The major point of convergence between the physiological and 
psyc iological systems is pointed out: there exist common and practically 
identical physiological responses to both psychological and physical anteced- 
ents. Further, if they are perceivable, these physiological responses act as 
stimuli to be psychologically appraised, and so on. The bias is psychological, 
however. Physiological stress pressures are not, for example, given equal 
status as having independent direct effects upon psychological systems. The 
perspective, however, is that of behavioral science, and this would have been 
more clear if a flow chart for sociological stress had been included. 

If anything, this book overshoots conceptually, by positing more entities, 
mediators, and qualitatively differentiated processes than are needed, but in 
‘80 doing it achieves its aim of integrating a messy. field and makes explicit 
‘a model for an area where models are often implicit. We are left with a sense 
that there is an honest fit between this phenomenologically oriented model 
‘and a field which still operates on the basis of a commonsense model. Still, 
Lazarus’s argument is based on a moot point, I think. He feels that students 
and fellow researchers are motivated to explore when the conceptual scheme 
is rich and close to immediate experience. This is probably true for those of 
us who are ‘integrators.’ But there are other tastes, and it would be surprising 
| ifa good many readers were not stimulated to get to work in another direction, 

to show why a good deal of the conceptual machinery massed here is un- 


necessary because simpler and more parsimoniously elegant models can work 


as wel or better—and lead us on to at least as much fresh discovery—8s 


the present theory. 
WinLIAM W. LAMBERT, Cornell University 


SENTENCE STRUCTURE AND THE READING PROCESS. By I. M. 
Scutestnarr. The Hague: Mouton, 1968. Pp. 171. $5.75. 

I. M. Schlesinger describes his doctoral research against a background of 
other studies, all related to the effect of grammatical structure on reading. 
Although it seems intuitively plausible that some sentences are harder to 
understand than others because of their different grammatical form, most 
Teading research has concentrated on lower levels of structure as sounds, let- 


ters, and words. In the design of elementary readers, there is usually careful 
‘ control of vocabulary, and sometimes of phoneme-grapheme relationships, but 
grammatical structures are almost randomly selected, whether for complexity 


or for frequency in children’s speech. 

One reason for the neglect of grammar as & variable has been that the 
science of linguistics has only recently begun to supply & systematic basis for 
understanding grammatical differences or for predicting their effects. Length 
of sentences and number of subordinate clauses were almost the only gram- 


matically relevant variables that were both measurable and plausibly related 
to reading rate, and both of these are confounded with so many other gram- 


matical dimensions that it is impossible to separate out the specific causes of 
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comprehension difficulty. Grammatical theories, such as transformational ones 
and those developed in connection with computer translation, have provided 
a basis for much more specific, and therefore more interesting, studies of lin- 
guistic comprehension, including reading, 

Schlesinger works with the general hypothesis that linguistic theories cor- 
respond to the psychological processes involved in using language and that, 
therefore, units such as phrase structure and linguistic dimensions of com- 
plexity and depth have their counterparts in psychological variables. He re- 
views research by himself and others on a number of specific hypotheses, most 
of them derived directly from linguistics. One set of studies uses measures of 
eye-voice span (length of material stored in memory between eye fixation 
and voicing in oral reading) to show that units in memory storage corre- 
spond to phrase-structure units. Other studies show that making transforma- 
tions (most of those studied being passive, negative, and question transfor- 
mations) increases the difficulty of understanding as measured in a number 
of different ways. Although these transformation studies were not satisfac- 
torily controlled for sentence length, a further study showed that sentence 
length had no effect when it was isolated from other variables. It had been 
predicted that sentences in which clauses are nested so that several parts 
must be stored in memory before they can be linked with related constituents 
would be more difficult to comprehend because of the strain on memory. In 
fact, there was only minimal evidence of such an effect, and then only when 
the subject was prevented from reviewing earlier parts of the sentence. 

, Up to this point Schlesinger has been proceeding on an assumption implicit 
in much of linguistic theory—that syntactic structure should and could be 
examined independently of semantic considerations. But carrying the lin- 
guistic assumption over into psychological questions suggests that syntactic 
variables have their own effects on language processes. The results of the 
seemingly well-constructed experiments with nested sentences lead to a change 
in that assumption and to a new hypothesis—that semantic decoding processes 
iet with syntactic ones, Some clever experiments with nested sentences 
with and without semantic cues to decoding confirm the intuition that syn- 
tactic factors are not primary nor independent. (And in the years since these 
studies were done, linguistic theories have developed in the same direction, 
oui pud wow account of the conditions that Schlesinger designates 28 
ME Ls. ien of pure Tesearch in which hypotheses were bese? 
TY has limitations that are well illustrated in this resear¢ 
report. The Tesearch hypotheses were theoretically sound and the experiments 
pe ag designed and controlled. The results, however, were divide 
Qu M any that Eave partial, limited support for the hypotheses and those 
edv other directions and required basic revisions of the underlying 
theoretical assumptions. One of the reasons why these other possibilities were 
observed and tested was that investigators were concerned with the practical 
problem of readability and reading skill as well as with theory. The study 
of reading cannot be divorced from the study of meaning and still have any 
practical value, Thus while sound theoretical considerations suggest avoid- 
ing semantic factors and concentrating on behaviors that could be studie 
independently of them, an experimenter whose motivation includes the desire 


to be ‘relevant’ is inevitably led to measures and conclusions that depart from 
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heoretical purity but ultimately bring the theory itself into better cor- 
1 pondence with reality. At the same time, Schlesinger rightly argues, the 
broader conceptual orientation in linguistics and communicability has made 
a valuable contribution to readability research, a contribution that a more 
ely practical approach could not have made. 

Jane W. Torrey, Connecticut College 


YMBOLS AND SOCIAL THEORY. By Huan Datzier Duncan. New York: 
Oxford University Press, 1969. Pp. 314. $7.95. 


In this book Dr. Duncan has made an effort to provide a historical and 
theoretical background for symbol-interaction theory. This is a theory that 
rives to understand order (and disorder) and continuity (and change) in 
ocial processes by means of an analysis of social communication—with pri- 
emphasis on the symbol as the basic unit of analysis. The symbol is 
as that which determines and structures social relations; that which 
defines roles and positions in society; that which forms the bridge between 
he form and content of social action. In this book, however, all of these 
‘statements remain programmatic, general and incomplete. Nowhere is there 
‘a clear and coherent statement of how political, social, religious, and economic 
"symbols actually emerge and operate on, or in, social institutions or groups. 
his leads to a very unsatisfactory state of affairs for the reader who is 
not entirely familiar, or in agreement, with the theory. There can be no 
bt that the issues raised in the book are crucial (ie. the relations be- 
tween form and content, impression and expression, order and change), but 


"here is no real sense of resolution or progress in knowledge. One may again 


‘affirm the importance of the problems without in any way arriving at a new 
point of departure or at a new perspective from which to gain insights and 
clarifications. Nor is there any doubt that the theoreticians discussed in the 
b ook are, by any standard, of first-rate importance (i.e. Weber, Pareto, 
Durkheim, Tonnies, ete.), but they are necessarily treated in a very selective 
hion. They remain skeletons and specters, not only within their own 
oretical frameworks but also within the context of their contributions and 
nections to symbolic interaction theory. 
Those readers who are already familiar with the social-symbolic school of 
thought (either from the ‘American side of G. H. Mead and Kenneth Burke, 
from the European side of Max Weber and Emile Durkheim) may well 
d that this book makes an important addition to their understanding 
that it exposes common roots and makes heretofore-unknown relationships 
ar. For the large group of undecided or unconvinced readers, however, this 
ok is likely to be one whose initial appeal (on the grounds that the issues 
e Je discussed important) leads to ultimate dis- 


Aaron HERSHKOWITZ, Yeshiva University 


EHAVIORAL PHARMACOLOGY. By Travis THOMPSON and Cartes R. 
HUsTER. Englewood Cliffs, NJ.: Prentice-Hall, 1968. Pp. ix, 297. 


- "This book can be divided into three sections. The first is a useful primer 
to some of the basic concepts of pharmacology: dose-response curves, how 
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drugs are absorbed and distributed in the living organisms, and abbreviated 
reviews of the basic pharmacology of many of the drugs that alter behavior. 
The second section reviews methods of studying animal behavior, with heavy 
emphasis on operant behavior. The final section is concerned, for the most 
part, with the action of various centrally acting drugs on operant behavior. 
Primarily because of the research interests of the authors, there is a very 
good subsection on the self-administration of drugs by animals where the 
reinforcer is the drug itself. The appendixes are useful, for they detail various 
pharmacological techniques that the psychology student would find difficult 
to obtain through other sources. Their descriptions are accompanied by a 
number of good photographs. 

The dust cover states that the book “examines principles and techniques 
of experimental psychology and pharmacology and applications to behavioral 
actions of drugs.” If one defines experimental psychology as limited to 
operant behavior, then the book meets its goals, However, there are be- 
havioral studies with drugs and useful experimental methods for the study 
of effects of drugs on behavior that are either ignored or given very little 
emphasis in this volume. 


Conan Kornersky, Boston University School of Medicine 


ANNOUNCEMENTS 


AMERICAN PSYCHOLOGICAL ASSOCIATION MEETING FOR 1971 


The Ameriean Psychological Association Board of Convention Affairs an- 
nounces the “Call for Programs" for the 1971 Annual Convention. Because of 
the ever expanding interests of the membership, the number of hours requested 
by the divisions for substantive programs has increased almost 18%, thus 
necessitating complex multiple tracking. Since there are many areas of overlap 
between the divisions, the Board urges the divisions to cooperate in planning 
their programs. Sequential programming time may be requested by divisions 
if they feel it would enhance development of a theme or subject area. 


All correspondence concerning divisional programs must be channeled through 
the appropriate division program chairman, to whom all proposals must be 
submitted by February 15. Contact the Board of Convention Affairs for 
further details. 


SENIOR FULBRIGHT-HAYS PROGRAM FOR 1972-1973 


The Committee on International Exchange of Persons announces that appli- 
cations for senior Fulbright-Hays awards for lecturing and research during 
1972-1973 in over 75 foreign countries will be accepted in the spring of 1971. 
Specialists in the field of psychology who are U. S. citizens and have a 
doctorate or college teaching experience are invited to indicate their interest 
in 1972-1973 awards by immediately completing a simple registration form, 
available on request from: 

Senior Fulbright-Hays Program 

2101 Constitution Avenue 

Washington, D. C. 20418 
Registrants will receive the detailed announcement of available awards as 
soon as it is issued in the spring, in time to consider the possibilities and to 
apply before the closing date. 


Senior Fulbright-Hays awards generally consist of a maintenance allowance 
in local currency to cover normal living costs of the grantee and family while 
in residence abroad, and round-trip travel for the grantee (transportation is 
not provided for dependents). For lecturers going to most non-European 
countries, the award includes a dollar supplement, subject to the availability 
of funds, or carries a stipend in dollars and foreign currency, the amount 
depending on the assignment, the lecturer's qualifications, salary, and other 
factors. 
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‘phenomenal’ ys. retinal locus of, 
594 fi; trace localization and, 

591-600 

Retention: associations; context 
items in, 256-263 ; Specifie, 256- 
263; interference, linguistic, and, 
in paired associates, 22-27, 29- 
39; paired-associates; children 
vs. adults, 22-39; effect of in- 
terpolated reading on, 412-419; 
recall in, immediate vs. delayed, 
314; interference and, in ‘natural’ 
situations, 621-629 

Retinal disparity, altered adapta- 
tion to, 352-371 

Reward structure, in interpersonal 
conflict situations, 119-125 

RNA, memory and, 452 f, 


Saliency, attention and: in prob- 
lem-solving, 545 f, 

Scaling: of average length, 95-102; 
of average length, standard avail- 
ability and, 99-102; psycholog- 
ical, 289 ff. 

Sensory behavior, 445-448 

Sensory processes, 453 f. 

Sentence structure, reading process 
and, 637 f. 

Sex differences in rat, 103-111 
Shape, perceptual grouping and, 2 
Skill: fundamentals of, 299 2 


motor, acquisition and feedback, 
222-236 

Skin senses, 1/5 

Slope analyzers, perceptual group- 
ing and, 11 f., 21 

Social communication, 639 

Social innovation, experimental 
methods in, 302 f. 

Social psychology, human values 
and, 457 f. 

Social theory, 639 

Sound: apparent displacement dur- 
ing vestibular stimulation, 554- 
566; localization in moving vis- 
ual field, 112-118 

Speech: behavior, communication 
and, 454 f.; implicit, as encoder 
of visual perception, 208-215 

Stabilized vision, binocular com- 
binations and, 521 ff. 

Statistics, 140; curve fitting in, 289 

Stimulus selection in paired-asso- 
ciate learning by children, 216- 
221 

Stimulus size, effect on perceptual 
grouping, 7, 9, 14 

Strategies, selection: in verbal- 
discrimination learning, 428-435 

Stress, psychological: adjustment 
and, 634-637 

Symbol-interaction theory, 639 


Tapetenbilden, interference in slant 
aftereffects, 589 

Theory: associative-probability, of 
reference, 73 ff; representative, 
of reference, 74 f. 

Thigmotaxis in rat, 103-105, 107, 
108-111 

Trace localization, visual form 
Tecognition and, 591-600 


Values, affective, 259 

Verbal behavior, temporal shifts 
in: in introductory, psychology 
students, 621-629 

Vergence: accommodation and, 
physical model of interaction 
between, 487-491; fusion and, 


physieal model of interaction 
between, 491 f.; ocular, mecha- 
nism for, 462, 467; physical 
model for, 467-477 

Vestibular stimulation, auditory 
localization during, 554-566 
Vision: Binocular; accommoda- 
tion, fusion, and physical 
model of interaction between, 
492; accommodation, neural 
mechanism for, 462, 468, 496, 
527 ff.; accommodation, phys- 
ical model for, 477-482; com- 
bination, 511-523; depth dis- 
crimination, evolution of, 523 
ff.; divergence, 463 f.; fusion 
and, horopter and, 482 f.; fu- 
sion, mechanism for, 462-465; 
* fusion, neural model, predic- 
tions of, in, 506 f.; fusion, 
physical model for, 482; neu- 


p ral model for, 496; Panum’s 
¢ fusional area, 486 f.; physical 
Y | model for, 465-496; theory of, 


461-534; torsional rotation, 
physieal model of, 477; ver- 
gence, accommodation and, 
physical model of interrela- 
tions between, 487-491; ver- 
gence, fusion and, physical 
model of, 467-477, 491 f.; 
vergence, mechanism in, 462, 
467; vergence, neural model of, 
j 507 f. 
" Retinal orientation; perceptual 
grouping and, 17-21 
Stereopsis; Keplerian theory of, 
498 
Stereoscopic; as cue for bright- 
ness contrast, 55-67 
d 
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Theory and research in, 138 f. 
Transmission of steady-state in- 
formation in, 191 ff. 

Visual aftereffects of surface slant, 
576-590; contrast effects and, 
577; extinction of, 580 ff.; fixa- 
tion time and, 577-580; mo- 
nocular vs. binocular observa- 
tion and, 585 f., 589; stimulus- 
contours and, 583-580, 589 f.; 
surface texture and, 582-586, 
589 f.; Tapetenbilden phenom- 
enon and, 589 

Visual averaging, Müller-Lyer il- 
lusion and, 280 ff. 

Visual disparity, monocular cues 
and: in disparity-depth rela- 
tionship, 322-329 

Visual displays, encoding of: acous- 
tic confusability and, 389-400 

Visual field: binocular, preference 
for rectangles and, 126-129; 
movement of, sound localiza- 
tion and, 112-118; rotation of, 
eye-dependent and disparity 
adaptation to, 352-371 

Visual form, recognition of: cor- 
tical dominance and, 593 1 
cortical locus of, 591-594. 599; 
eye movements and, 596-599; 
eyestrain as mediating stimu- 
lus, 596-599; fixation point and, 
594 ff.; retinal vs. ‘phenomenal’ 
locus of, 594 ff.; trace localiza- 
tion and, 591-600 

Visual search, acoustic confusabil- 
ity and, 389-400 

Visual storage, postretinal : control 
for ocular tracking in, 442 ff. 
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